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Foreword

This report was produced by the Office of Naval Research’s Best
Manufacturing Practices (BMP) program, a unique industry and government
cooperative technology transfer effort that improves the competitiveness of
Centerof America’s industrial base both here and abroad. Our main goal at BMP is to
I'xeellence increase the quality, reliability, and maintainability of goods produced by
American firms. The primary objective toward this goal is simple: to identify
best practices, document them, and then encourage industry and government
to share information about them.

The BMP program set out in 1985 to help businesses by identifying,
researching, and promoting exceptional manufacturing practices, methods, and procedures in design,
test, production, facilities, logistics, and management — all areas which are highlighted in the
Department of Defense’s 4245.7-M, 7ransition from Development to Production manual. By fostering
the sharing of information across industry lines, BMP has become a resource in helping companies
identify their weak areas and examine how other companies have improved similar situations. This
sharing of ideas allows companies to learn from others’ attempts and to avoid costly and time-
consuming duplication.

BMP identifies and documents best practices by conducting in-depth, voluntary surveys such as
this one at Raytheon Missile Systems Company, Tucson, Arizona conducted during the week of
September 14, 1998. Teams of BMP experts work hand-in-hand on-site with the company to examine
existing practices, uncover best practices, and identify areas for even better practices.

The final survey report, which details the findings, is distributed electronically and in hard copy to
thousands of representatives from industry, government, and academia throughout the U.S. and
Canada - so the knowledge can be shared. BMP also distributes this information through several
interactive services which include CD-ROMs, BMPnet, and a World Wide Web Home Page located on
the Internet at http://www.bmpcoe.org. The actual exchange of detailed data is between companies at
their discretion.

Raytheon Missile Systems Company is the world's premier producer and developer of tactical
missile systems, including the Advanced Medium Range Air-to-Air Missile, Phalanx, Stinger, Rolling
Airframe Missile, and Tomahawk. This plant site is the only facility in the country that can produce
fully-assembled missiles from start to finish for all U.S. and allied military customers. Among the
best examples were Raytheon Missile Systems Company’s accomplishments in rapid prototyping;
wargaming laboratory; flexible work cells; hybrid microelectronic assembly; remediation control
room; advanced modular factory; agile improvement process; integrated process architecture;
technology roadmaps; unified community advisory board; Knowledge Center Southwest; and
Raytheon Missile Systems Company University.

The Best Manufacturing Practices program is committed to strengthening the U.S. industrial base.
Survey findings in reports such as this one on Raytheon Missile Systems Company expand BMP's
contribution toward its goal of a stronger, more competitive, globally-minded, and environmentally-
conscious American industrial program.

1 encourage your participation and use of this unique resource.

G A

Ernie Renner
Director; Best Manufacturing Practices
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Section 1

Report Summary

Background

In1922,Laurence K.Marshalland Vannevar Bush
joinedforceswith Charles G. Smith whohad developed
a prototype for a home refrigerator using artificial
coolants. Together, the young entrepreneurs founded
the American Appliance Company with dreams of
prosperity. Unfortunately, the product was a bust
and neverleft thelaboratory. Facing failure, Marshall
and Bush suggested revisiting an earlier idea of
Smith's: a new kind of gaseous tube that enabled
radios tooperate on electricity, rather than batteries,
by plugging them into a wall socket. This gaseous
rectifier was perfected in 1925, and marketed under the
brand name Raytheon—meaning a beam of light (rai)
from the gods (theon). Also that year, the company
officially became the Raytheon Manufacturing Com-
pany due to another's claim on the original name.

Since the 1920s, the company has diversified and
expanded its operations into the defense sector. Stra-
tegicacquisitions and mergersalso helped strengthen
Raytheon's innovative capabilities, and added to its
legacy of technological advancements. Among these
were the first commercial microwave oven (Amana
Radarange); miniature tubes for hearing aids; the
first electronic depth sounder (Fathometer); mass
production of magnetron tubes; early shipboard ra-
dar; the first missile guidance system (Lark) that
could hit a flying target; a space communications
system for Apollo XI; mobile radio telephones; the first
combat-proven air defense missile system; and the
Terminal Doppler Weather Radar.

Today, the Raytheon Company is a global technol-
ogy leader that operates in three core business seg-
ments: defense and commercial electronics; business
aviation and special mission aircraft; and engineer-
ing and construction. The corporation is headquar-
tered in Lexington, Massachusetts; empioys more
than 100,000 employees worldwide; and achieved $20
billionin revenues for 1997. The BMP survey focused
onRaytheon's Defense Systems Segment, specifically
the Raytheon Missile Systems Company (RMSC) in
Tucson, Arizona. This facility was originally estab-
lished in 1951 by Howard Hughes to produce the
Falcon, the world's first air-to-air radar guided mis-
sile. Raytheon acquired the plant site through its
1997 merger with Hughes Missile Systems. Cur-
rently, RMSC employs approximately 8,800 person-
nel, and achieved $2.1 billion in sales for 1997.

RMSC is the world's premier producer and devel-
oper of tactical missile systems, including the Ad-
vanced Medium Range Air-to-Air Missile, Phalanx,
Stinger, Rolling Airframe Missile, and Tomahawk.
The Tucson plant is the only facility in the country
that can produce fully-assembled missiles from start
to finish for all U.S. and allied military customers.
RMSC uses an agile manufacturing approach to
anticipate and respond to the changing marketplace
and its customers' needs, while increasing
affordability, performance, quality, and technology
innovation. As aresult of its efforts, this facility won
the Arizona Pioneer Award for Quality in 1994 and
the Arizona Governor's Award for Quality in 1997.
Among the best practices documented were RMSC's
rapid prototyping; wargaming laboratory; flexible
work cells; hybrid microelectronic assembly;
remediation control room; advanced modular factory;
agile improvement process; integrated process archi-
tecture; technology roadmaps; unified community
advisory board; Knowledge Center Southwest; and
Raytheon Missile Systems Company University.

Although the founders of Raytheon weredreamers,
they could never have imagined the extent to which
their company would actually contribute to shaping
the 20th century. Raytheon's pioneering efforts cre-
ated alegacy of excellence and innovation. Continuing
inthistradition, the companyis striving to strengthen
its competitiveness; advance its high standard of
performance and dependability; and enrichits vision
for the next century. The BMP survey team considers
the following practices to be among the best in indus-
try and government.

Best Practices

The following best practices were documented at
RMSC:

Item Page

Boundary Scan Test 15

The test engineers and circuit/product designers
at RMSC's Electronic and Product Design Center
work concurrently during the early stages of prod-
uct design to maximize usage of new digital
design testability and test techniques. The
Center's latest technique is the Boundary Scan
Test, which combines digital circuit design, design
for test/testability, and prototype test functions.



Item

Centralized Components and Materials
Team

By centralizing its Components and Materials
team, RMSC established a cadre of collocated
experts for grave-to-cradle support in parts,
materials, and processdisciplines. This approach
standardizes all RMSC programs, and replaces
the previous method which inconsistently handled
component and material problems. The team
consists of three groups: Components and Mate-
rials Applications; Component and Materials
Laboratories; and Computer Aided Design Li-
brary Support.

Composites Integrated Product Team
Approach

After the 1993 merger between Hughes (now
Raytheon) and General Dynamics, the company
decided to move all of its composites expertise to
the Tucson facility. A cross-functional Integrated
Product Team was set up in 1994 to foster com-
posite structure development. RMSC uses this
composites team approach tomeet its customers'
needs for advanced, leading-edge technology at
reasonable costs, and often with rapid prototype
development.

Configuration and Data Management

RMSC conducts its Configuration and Data Man-
agementsystem in accordance with the Industry
Standard's EIA-649 Configuration and Data
Management Process manual. RMSC's system
encourages program managers to focus on the
process, not the rules, and strive for high perfor-
mance levels. This methodology also helps reveal
deficiencies in common processes, so process
owners can correct them.

Cost as an Independent Variable
Process

Cost as an Independent Variable process is a
methodology that recognizes cost requirements
as being independent of product performance.
RMSC implemented this process to develop and
design military products with the highest quality
and performance, at the lowest cost, and in the
shortest turnaround time.

Design For Environment Program

RMSC developed and implemented a Design For
Environment program which eliminates hazard-
ous materials and processes, rather than man-
ages the hazardous waste created. This program
also enables the company to incorporate alterna-
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tive materials and processes during the initial
program development phases.

Design of Experiment Techniques

RMSC enhanced its product design and evalua-
tion process by implementing Design of Experi-
ment techniques. These techniques improved the
company's efforts by employing a structured ap-
proach to organize and evaluate data.

High Temperature Composite Structures

RMSC developed high temperature composite
structures using a graphite substrate and a sili-
cone outer shell. These lightweight composite
structures feature a graphite/bismaleimide, load-
bearing frame withanon-ablative silicone coating
for thermal protection. The hybrid design provides
leading-edge technology that is capable of meeting
the increased performance requirements of high
speed, lightweight missile systems.

Integrated Flight Simulation

RMSC developed an Integrated Flight Simula-
tion which runs performance analysis, require-
ments verification, design development, pre-flight
analysis, and post-flight analysis on simulated
missiles. This Six Degrees of Freedom, imaging
simulation uses detailed models of sensors, tar-
getgeometry, tracker algorithms, and othersimu-
lation requirements to accurately emulate the
missile.

Plastic Encapsulated Microcircuits and
Manufacturers' Part Numbers

RMSC implemented two proactive programs in-
volving plastic encapsulated microcircuits and
manufacturers’ part numbers. In 1997, RMSC
received contract authorizationallowingthe com-
pany touse plastic encapsulated microcircuits on
the Advanced Medium Range Air-to-Air Missile
program without requiring procurement activity
approval. Inaddition, the company obtained gov-
ernment permission to place manufacturers' part
numbers on the assembly drawings of this mis-
sile program.

Pumping Very Low Water Yield Wells
with Conventional Submersible Pumps

RMSC builds water wells in tight, low perme-
ability clay units as part of a pump-and-treat
redemption system for a zone area of contami-
nated shallow groundwater. Conventional 0.5-
horsepower, 480-volt submersibie pumps arethe
most cost-effective devices to use in these areas,
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but tend to burn out when operated under a no-
load condition. RMSC resolved this problem by
installing electrical load-sensing motor control-
lerson41of its low water yield redemption wells.

Quality Function Deployment Program

RMSC implemented its Quality Function De-
ployment program as a structured process for
gathering information and comprehending the
voice of the customer. The program ensures that
those aspects of a requested product or service,
which the customer deems most important, will
be given special attention. By using this ap-
proach, the company can align and optimize de-
signs, materials, and processes to satisfy the
customer's expectations.

Rapid Prototyping

RMSC implemented a rapid prototyping method
to fabricate models directly from 3-D Computer
Aided Designdata. This method provides a quick
physical visualization of hardware concepts with-
out the need for expensive and time-consuming
machining, tooling or drawing generation. Rapid
prototyping can produce a prototype overnight
with higher accuracy than previous methods could
accomplish in weeks.

Raytheon Electronics Packaging
Consortium

RMSC developed a collaborative organization to
leverage the broad range of electronic packaging
resources available across the Raytheon corpora-
tion. With the establishment of the Raytheon
Electronics Packaging Consortium, the corpora-
tion can draw fromalarger technical engineering
resource to achieve competitive designs and cost
savings.

Six Degrees of Freedom Simulation
Development Process

RMSC built a Six Degrees of Freedom model that
simulates the prelaunch and flight operations of
a missile. This model accomplishes this feat by
using mathematical computer representations
of missile subsystems; mass property databases;
simulations of atmospheric conditions; global
positioning/satellite communication systems
information; and other missile flight hardware
and software.

Verification and Validation of
Simulation Models

RMSC developed a process that expedites soft-
ware development by using the same software for
modeling, algorithm development, simulation
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performance analysis, and flight software code
development. The company also designed a pro-
cess which uses a common model to validate
software development, integration, and testing.

WarGaming Laboratory

RMSC developed the WarGaming Laboratory
which allows users to simulate products against
anintended threaton adigital battlefield. RMSC,
as well as government agencies, use this labora-
tory to develop simulations which model air com-
bat engagements, battle groupair defense, strike/
air defense, and other missile engagement and
defensive scenarios.

Automated Calibration System

RMSC instituted the Automated Calibration
System to maintain calibrations on a broad spec-
trum of equipment. This computer-controlled,
interactive system provides high quality, consis-
tent results for calibrating engineering and pro-
duction test equipment found in automated test
equipment stations.

Compliance Management Report Card

RMSC's Environmental, Health and Safety Com-
pliance Management Report Card was created
after Hughes (now Raytheon) merged with General
Dynamics in 1993. The Environmental, Health
and Safety department initiated this environmen-
tal compliance management system to track mul-
tiple facilities and programs. The Report Card
continues to be a valuable tool for RMSC in han-
dling the merger of programs and facilities.

Depot Parts Marking and Identification

RMSC launched a Single Process Initiative to
investigate alternative ways of marking depot-
level repaired parts. Through this initiative, the
company identified commercial-off-the-shelf
marking systems, such as imprinted polyamide
labels; imprinted commercial, heat shrinkable
labels; and wraparound, self-laminating labels.
These cost-effective methods meet Technical Data
Package marking requirements and were ap-
proved for use by RMSC's customers.

Distributed Receiving and
Supermarkets

Distributed receiving and supermarkets are key
factors to achieving production agility. RMSC's
seven-phase systemic approach promotes con-
tinuous improvement through the elimination of
waste. This approach uses agile manufacturing
processes to deliver parts directly to the produc-
tion lines on an as-needed basis.
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Electro-Optic Sensors and Precision
Assembly Multi-Sensor Factory

RMSC integrated the electro-optic sensors and
precision assembly area into acommon manufac-
turing facility that produces sensors for various
missile programs. By using a central manufac-
turingsite, the company can easily meet changing
requirements and configurations without re-
arranging production areas.

Flexible Work Cells

Starting with a proven overhead utility grid de-
sign, the Standard Missile Agile Implementa-
tion Team developed and set up flexible work
cells. These work cells provide RMSC with rapid
response and reconfiguration capabilities tomeet
changing requirements with minimal disruption
to production. All workstations within a cell are
mobile which promotes a small lot production
strategy, and improves production flow across
multiple product types.

Hybrid Microelectronic Assembly

Based on performance specification MIL-PRF-
38534, RMSC developed the common process
document, D-102, for the production of hybrid
microelectronic assemblies. This document en-
abled the company to standardize and improve
its hybrid microelectronic assembly production
efforts by employing contractor self-governance,
continuous process improvement, and team-based
decision making.

Integrated Product Team

RMSC established an Integrated Product Team
for U.S. Air Force Plant 44 as a comprehensive
project management/communications toolamong
organizations. This tool is uniquely applied to
environmental programs and projects, and sets
up a teamed organizational structure with repre-
sentatives from each organization (e.g., Air Force,
Environmental Protection Agency, Arizona De-
partment of Environmental Quality, RMSC), who
handle specific areas of concern.

Lay a Missile on the Table

RMSC developed the Lay a Missile on the Table
process for the rapid development of a functional
missile, prior to the Engineering and Manufac-
turing Development phase of the Department of
Defense acquisition process. The goal was to
make a first missile with a functional guidance
system in less than a year. This would produce a
300% decrease in development cycle time for this
type of product technology and design maturity.
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Manufacturing Simulation

During the last two years, RMSC has taken
manufacturing simulation toanew level by using
awindows-based software called ProModel. This
tool visually animates a computer model which
helps users identify schedule risks, facility allo-
cations, and cost impacts associated with mak-
ing changes within their organization. ProModel
provides the best analysis of expected results by
animating the movement of forecasted/actual
data or planned processes.

Methylenedianiline Composite
Replacement

Although no regulatory agency pushed for the
elimination of methylenedianiline, RMSC
wanted to remove this potential health risk from
its workers. The replacement process took three
years to complete, and provided RMSC with
several unexpected benefits. Among these were
minimal modifications for tooling; the elimina-
tion of personal protective clothing, showers, and
routine medical tests; and an overall production
savings in excess of $200,000 annually.

Nitric Acid Recycling Program

To comply with pollution prevention directives,
RMSC established a Nitric Acid Recycling pro-
gram. RMSC procured and installed four resin
sorption purification units so that metallic con-
taminants could be removed from nitric acid
solutions allowing indefinite reuse.

Powder Painting of Non-Conductive,
Composite Materials

Powder painting or coating needs to be applied to
a conductive surface to be successful. RMSC has
expanded this technique by developing a way to
apply powder paint to non-conductive, composite
materials.

Pressurized Recharge Wells

Technology has improved since RMSC imple-
mented the Installation Restoration program at
Air Force Plant 44. To obtain the best perfor-
mance out of its existing equipment, the company
developed several cutting-edge cleanup practices
for recharge wells. Two such improvements are
re-engineering the well heads to inject pressure
into the wells, and removing some of the control
mechanisms at the Plant.
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Procurement and Production
Processes, Tools, and Metrics

RMSC uses simple visual tools in its Rolling
Airframe Missile MK 49 launcher and Phalanx
Block 1 system integration areas to schedule
production, track procurement, provide predic-
tive metrics, and help management control the
overall system build. These tools provide visibil-
ity tocritical processes that were not manageable
previously.

ProductionIntegrated Product Teams

Procurement quantity reductions resulted in a
decrease of support staff on RMSC's Rolling
Airframe Missile and Phalanx weapon system
programs. Since both programs involved very
high part counts as well as complex and hard-to-
procure items, a change from the traditional
organization structure was required to manage
the programs. The company overcame these chal-
lenges by applying an Integrated Product Team
structure to these programs.

Production Plan Review

RMSC's Integrated Process Architecture is de-
signed to leverage programs (via common pro-
cesses) by aligning enterprise goals; providing
structured approaches for planning and execut-
ing programs; and achieving continuous measur-
able improvement in performance. One such pro-
cess that meets these objectives is the monthly
Production Plan Review chaired by a program's
master scheduler. The process enables the com-
pany to examine production-build plans and
schedules in detail, and review key enterprise
metrics for avenues of improvement.

Synthetic Minor Approach to Title III
Clean Air Compliance

RMSC performed a cost-benefit analysis to de-
termine whether the company should voluntarily
limit its hazardous air pollutant emissions to
avoid costly regulatory requirements, or pursuea
restrictive, less production-focused method avail-
able under the major source status. The company
opted for the Synthetic Minor approach, and
agreed to voluntarily restrict its emissions below
the threshold for the major source status. This
approach allows the company to avoid prescrip-
tive and intrusive requirements imposed under
that category.

Test Equipment Design

In 1996, RMSC created a development process
for automated test equipment. This process pro-
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vides a structured approach for automated test
equipment development. The user candesignand
fabricate the automated test equipment within
a short cycle time to coincide with production
requirements and best commercial practices.

Transition Toolkit for Restructure
Activities

After the Raytheon/Hughes merger in 1997, the
Raytheon Corporation decided to consolidateand
relocate all of its missile functions to the Tucson
facility. RMSC wanted to ensure that Environ-
mental, Health, and Safety issues were being
addressed during these activities, so the com-
pany set up a special transition taskforce for
developing guidelines. As a result, the taskforce
developed a unique transition toolkit, which was
distributed tothe 13 relocating missile programs.

Acquisition Pollution Prevention
Initiative

In 1997, the Under Secretary of Defense for Acqui-
sition Reform called for the reduction/elimina-
tion of hazardous materials from the design,
manufacturing, and logistics areas. RMSC ad-
dressed this issue by using the Acquisition Pol-
lution Prevention Initiative toestablish the Elimi-
nation of Volatile Organic Contaminant Project
and set up an Integrated Product Team. This
team consisted of representatives from the De-
fense Contract Management Command, Army,
Air Force, Naval Sea Systems Command, Naval
Air Systems Command, and RMSC.

Chemical Strategies Partnership

Raytheon set up a Chemicals and Gases Technol-
ogy Team tohandle cradle-to-grave management
of production/non-production chemicals, bulk/cyl-
inder gases, and chemical waste services across
the corporation. The company estimates cost
savings to be $400,000 annually in the printed
wiring board shop alone.

Dual Phase Extraction Concept for
Remediation

Dual phase extraction is a means for effectively
extracting large quantities of trichloroethylene
and other volatile solvents from below the water
table at former solvent disposal sites. This
remediation concept works hundreds of times
faster than other pumping methods in removing
solvents from the contaminated groundwater
plume.
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Extraction and Recharge Concept for
Remediation

The disposal practices of the 1950s created a
contaminated groundwater plume in the north-
west section of RMSC's facility. The plume is
located 500 feet below the ground surface, and
covers a 65-acrearea. To clean this contaminated
groundwater, RMSC uses a pump-and-treat
remediation system. In addition, the company
implemented a recharge field at this site to
contain the groundwater and stop its northward
migration.

Household Hazardous Waste Collections

Pima County has operated a household hazard-
ous waste drop-off center since 1988, and won
various national awards for its recycling pro-
grams. The County's efforts include a Household
Hazardous Waste program which provides waste
collection and educational services, andaDrop &
Swap program that allows participants to drop
off unwanted chemicals and/or pick up free sup-
plies. RMSC has extended these programs to its
employees by creating a partnership with Pima
County and the City of Tucson.

Inventory Management and Parts
Presentation

InFebruary 1996, RMSC began using a point-of-
use inventory management system for its Pha-
lanx and Rolling Airframe Missile Launcher pro-
grams, which mirrors the Integrated Product
Team concept used throughout the agile factory.
In addition, the company set up a Parts Presenta-
tion program to enhance the efficiency of its agile
factory, complement its inventory management
system, and further reduce cycle time and costs.

Multi-Missile Manufacturing Facilities

RMSC initiated a plan which established two
multi-missile manufacturing facilities. One fa-
cility produces, assembles, and tests the guid-
ance and control sections for the Rolling Airframe
Missile, Maverick, and AIM-9X programs. The
other facility performs final assembly and deliv-
ers the end products to the customer. These joint,
integrated, multi-project facilities are especially
beneficial to small programs or ones with inter-
mittent production schedules. :

Remediation Control Room

RMSC features many remediation methods and
technologies to purify contaminated soil and
groundwater at Air Force Plant 44. The Plant's
Remediation Control Room provides visitors with
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amultitude of displays, including a storyboard on
the remediation process; background informa-
tion and benefits of the process; and monitored
rates of extraction/recharge at the wells.

Stinger Training Room and Agile Factory

Recently, RMSC completed the innovative in-
stallation of a training process for the Stinger
missile assembly operations. This process en-
sures that assembly and test personnel receive
the latest training, and provides the company
witha cadre of cross-trained individuals who can
perform all of the operations for updating/build-
ing the subassemblies of the Stinger missile.

Strategic Energy Management Plan

In 1985, RMSC initiated the Strategic Energy
Management Plan which greatly reduced energy
usage, minimized capital equipment investments,
produced a savings of $15.6 million (as of 1996),
and avoided 369 million pounds of air pollutants
that would have been generated at the power
plant. These significant savings were achieved
through a series of energy reduction strategies.

Advanced Modular Factory

RMSC received an award from the Air Force's
ManTech Project for the Advanced Modular Fac-
tory. The primary objective was to develop lean
strategies for the Advanced Medium Range Air-
to-Air Missile program which would reduce prod-
uct lead times and eliminate critical path waste.
The project also focused on the relationship be-
tween RMSC and its suppliers.

Agile Improvement Process

RMSC wanted to develop a manufacturing sys-
tem that was both lean and flexible, and based its
Agile Initiative on an adaptation of General
Motor's and Toyota's Competitive Manufactur-
ing Principles. The company developed a seven-
phase systematic approach to improve quality,
cost, responsiveness, and customer satisfaction
through the elimination of waste and the total
involvement of all employees.

Blue Criteria

RMSC has traditionally applied the commonly
used red-yellow-green color scheme to visually
depict performance criteria. In 1997, RMSCadded
a new color indicator, known as blue criteria, to
this color scheme. Blue indicates established
performance criteria that exceeds the acceptable
industry or government standards.
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Career Enrichment Program

In 1987, the Career Enrichment Program was
started as a partnership between RMSC and the
International Association of Machinists and Aero-
space Workers, Local 933. This partnership oper-
ates as a pay-for-knowledge plan which enables
hourly employees to obtain certifications for par-
ticular job units by completing prescribed courses.
In addition, the program addresses bargaining
unitemployee participation, career development,
compensation, and labor utilization.

Connecting to the Community

RMSC uses Connecting to the Community activi-
ties as an innovative and effective way to interact
with the surrounding community. Over the years,
theseoutreachactivities have produced quantitative
and qualitative results, and helped establish good-
will between the company and the community.

Electronic Commerce

Electronic Commerce is an efficient business
system that operates in an electronic environ-
ment. The system establishes electronic user
relationships and authorizations; promotes elec-
tronic data interchange; uses security to protect
proprietary data; employs modern search algo-
rithms so products can be built faster and better;
and savestime and money by reducing paperwork.

Electronic Expense Report

TheElectronic Expense Reportisanon-linetravel
expense reporting system developed by RMSC
for its field engineers. The process minimizes
errors and reduces turnaround time for process-
ing travel claims.

Enterprise Information Systems
Management

In 1997, RMSC developed and implemented the
Enterprise Information Systems Management
concept. This approach is a formal process with
supporting infrastructure which maintains
baseline configuration and change control of the
overall Information Technology environment.

Five Panel Chart

The Five Panel Chart is a metrics tool used by
RMSC management tofocus on factual and data-
driven issues. This simple, standardized tool is
flexible enough to focus on a specific area requir-
ingmanagement attention (e.g., process improve-
ment initiatives, goals, corrective action).
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Integrated Master Planning System

In 1994, RMSC implemented the Integrated
Master Planning system as a way of performing
program design and improving performance. This
system provides potential customers with an
understanding of the company's program plan for
each product; establishes common program goals
across teams; and sets up common metrics for all
programs/business units within the company.

Integrated Process Architecture

RMSC developed the Integrated Process Archi-
tecture as a framework for integrating its core
business processes. This unique, project man-
agement tool improves communications and
metrics, and addresses advances from an enter-
prise perspective by fostering the segment-wide
implementation of initiatives.

Integrated Product Development

In 1994, RMSC responded to increased competi-
tion and changing customer requirements by
incorporating Integrated Product Development
as a way to produce higher quality products at
lower costs, and in less time. The company is
using a whole-systems approach to implement
this concept on its existing and new programs.

International Integrated Product Teams

RMSC's Evolved Sea Sparrow Missile program
must satisfy the requirements of a 13-country
North Atlantic Treaty Organization consortium.
To accomplish this task, the company formed an
International Integrated Product Team to man-
age the overall development of this missile pro-
gram. This team consists of 21 companies in 10
countries which share the design and production
responsibilities for the missile program.

Intranet Website

RMSC developed an Intranet website to promote
and manage its Test Equipment Design Centers'
activities. This website addresses many aspects
of these activities, including the centers' role in
Integrated Product Development processes; cus-
tomer awareness and feedback; organization
charts; and design standards.

Joint Arizona Consortium -
Manufacturing and Engineering
Education for Tomorrow

In partnership with universities and industries
in Arizona, RMSC set up a program that provides
post-graduate level education for engineers, and
involves new approaches to updating the manu-
facturing/engineering workforce. Known as the
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Joint Arizona Consortium - Manufacturing and
Engineering Education for Tomorrow, this pro-
gram provides an excellent model for collabora-
tion between industry and universities, and of-
fers career-long, professional learning for gradu-
ate engineers and technical professionals who
work inmanufacturing and product development.

Knowledge Center Southwest

The Knowledge Center Southwest is a unique,
one-stop resource designed to provide a collection
of powerful knowledge-based tools that aid em-
ployees and teams in their quest to achieve total
customer satisfaction. Many of RMSC's top pro-
cesses are outgrowths of this resource, and repre-
sent keys to future performance at the Tucson
facility.

Leadership Structure

Prior tothe Raytheon/Hughes merger in 1997, the
company implemented an innovative organiza-
tional structure that provided an effective way to
manage 9,000 employees, three million square
feet of facilities, and more than a dozen product
lines. This structure successfully carried the com-
pany through the merger, and hasled the ensuing
changes and improvements that the company
has experienced in the past two years.

Lean Aerospace Initiative

The Lean Aerospace Initiative was developed in
1993 to enhance the implementation of lean
manufacturing practices and principles into the
defense and aerospace industries. This consor-
tium is sponsored by the Air Force and adminis-
tered by the Massachusetts Institute of Technol-
ogy with 18 member companies.

Manufacturing Methods Plan

RMSC designed its Manufacturing Methods plan
as an efficient way to demonstrate production
readiness by focusing on the actual manufactur-
ing processes rather than on program specific
data or process outputs. This eliminates the need
to recreate the document since it is applicable to
all programs, and satisfies customer inquiries on
production capability.

President's Communication Forum

InJanuary 1996, RMSC developed the President's
Communication Forumasaway to provide prompt
and effective internal communication through-
out the company. This process helps RMSC keep
its workforce informed, and allows the employee
to truly engage in the business and success of the
company.

8
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Process Improvement Program

RMSC established the Process Improvement
Program as a way for cross-functional supplier/
customer teams to examine a current process;
identify waste and non-value added activities;
and develop plans to implement improvements.
The program operates as a three-day training
workshop which is held at the supplier's facility.

Product Data Management/Product
Information Management System

RMSC set up the Product Data Management/
Product Information Management system as a
direct consequence of Integrated Product Devel-
opment methodologies. This systemis a powerful
tool for streamlining product development by
managing data pertaining to design, develop-
ment, configuration, change notification, and
support functions.

Raytheon Missile Systems Company
University

The Raytheon Missile Systems Company Uni-
versity is a virtual learning institution designed
to provide highquality, agile training for Raytheon
employees. The University is committed to the
educational development of the workforce; seeks
to involve RMSC's business units/functional or-
ganizations in all aspects of the learning process;
and models itself on the mission, values, and
culture of the overall organization as expressed in
Vision 2000.

Risk Management Process

RMSC established the Risk Management pro-
cess as a proactive method to predict potential
problems and risks, and effectively mitigate the
risks by controlling the process, developing strat-
egies, and addressing issues early in a program.
This process enables RMSC to develop and de-
liver systems that meet customer requirements
on schedule and within budget.

Rolling Airframe Missile Weapon
System

The Rolling Airframe Missile is a lightweight,
quick-reaction, high-power weapon system de-
signed to provide anti-ship missile defense. The
system was co-developed and co-produced under
a North Atlantic Treaty Organization coopera-
tive program between the U.S. and German gov-
ernments, their respective national weapon sys-
temacquisition oversight organizations, and their
respective national industries.
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Sight and Sound Media

RMSC's Sight and Sound Media is a multi-
functional media communications facility ca-
pable of producing state-of-the art photographic
digital imaging and video editing, as well as
traditional photographic and video services. Di-
vided into the services of Photo, Video, and In-
strumentation, the facility handles all media
communication needs for the company, its cus-
tomers, and the local community.

Single Process Initiative

In May 1995, RMSC developed a process to
approve and implement block changes for com-
mon processes, in accordance with the Single
Process Initiative for acquisition reform. This
approval process relies on technical and cost
Integrated Product Teams.

Strategic Planning War Room

RMSC developed the Strategic Planning War
Roomas an innovative process for strategic plan-
ning at the enterprise, mission, and program
levels. This approach integrates product lines,
functional organizations, suppliers, and customer
groups, as well as develops Technology Roadmaps
for future warfare trends, customer needs, and
business opportunities.

Supplier Base Participation in Single
Process Initiative

RMSC set up the Supplier Base Participation in
Single Process Initiative to encourage its suppli-
ers to participate in the Single Process Initiative
for acquisition reform. This simple, effective pro-
cess enables suppliers to rapidly obtain approval
for supplier Single Process Initiatives, and im-
mediately implement many of the common pro-
cesses approved through RMSC's Single Process
Initiative system without further review.

Supplier Liaison Information Control

The Supplier Liaison Information Control sys-
tem is an automated tool for collecting critical
documentation and information from RMSC field
engineers who reside at 17 locations across the
United States. By implementing this system,
RMSC eliminated paper and labor costs, de-
creased turnaround time for processing, and
gained real-time information.

Technology Communication

RMSC recognized that its future business is
critically dependent on the company's ability to
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develop and maintain superior technical exper-
tise in its workforce. In 1994, RMSC established
a goal to develop technical excellence at the de-
sign engineer level which led to the enterprise-
wide Technology Communication program.

Technology Roadmaps

Technology Roadmaps are a key element of
RMSC's strategic planning process. This tool
identifies technologies that are critical for future
customer and product line needs; assesses them
in light of predicted industry technology trends;
and helps management make decisions regard-
ing internal research and development and fu-
ture business.

Totally Integrated Enterprise System

RMSC developed a suite of tools known as the
Totally Integrated Enterprise System which ties
together all aspects of the engineering and manu-
facturing programs. This systemis also designed
to facilitate a closed-loop methodology that gov-
erns all phases of a program.

Unified Community Advisory Board

In 1995, RMSC created the Unified Community
Advisory Board as a way for the community to
express its concerns, values, and opinions in a
positive and constructive manner. This unique
outreach program involves and empowers the
local community as major stakeholders in envi-
ronmental decisions.

Using Metrics to Drive Process and
Quality Management

Several years ago, RMSC realized its manufac-
turing capabilities were not meeting the
customer's cost expectations. As a result, the
company began efforts to improve its processes,
and turned to metrics as a way to drive process
and quality management.

Work and Family Strategies Program

Nowadays, corporations are assuming the role of
assistance provider inorder tomaintain astable,
motivated, and productive workforce. Asaresult
of mergers, RMSC's Work and Family Strategies
program is acompilation of legacy programs from
Hughes and General Dynamics. The program
provides assistance to the employees on a wide
range of issues via family support activities.
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The following information items were documented

atRMSC:

Item

Design Standards for Pro/Engineer

RMSC implemented standard design modeling
practicessothat Pro/Engineer modelingsoftware
can be effectively used throughout the company.
Thisstandardization fosters a “Design Anywhere,
Build Anywhere” philosophy.

Key Characteristic Designation
System

RMSC implemented the Key Characteristic Des-
ignation System. This system focuses on key
product characteristics, and attempts to control
excessive variation in product features.

Russian Electroflotation Technology
Partnership

RMSC has formed a promising partnership with
the U.S. Air Force and Russia's Mendeleyev Uni-
versity of Chemical Technology. The partnership’s
objective is to develop a full-scale working model
of a Russian-developed and Eastern European-
utilized technology for treating complex organic
and other synthetic compounds in wastewater.

Six Sigma Robust Design Process

RMSC's Product, Process, and Performance Im-
provement Group has begun implementing six
sigma process controls into the company's early
design cycles via the Six Sigma Robust Design
process. This customer-focused, quality improve-
ment discipline is expected to provide a frame-
work for significantly reducing defects in key
products and processes.

Team of Teams

In January 1998, RMSC implemented the Team
of Teams approach as a way to adapt commercial
practices for designing and building military
hardware with commercial components. This
approach uses multi-functional teams of experts
from across RMSC.

Accident Boards and Fairs

RMSC developed several Environmental, Health
and Safety programs designed to increase em-
ployee and management awareness. Two of these
programs are the Lost Time Accident Board, and
the Environmental, Health and Safety Fair.
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Best Value Analysis for Procurement

In 1991, RMSC implemented Best Value Analy-
sis for Procurement to simplify and validate its
vendor selection process. This system provides
historical data from the Supplier Performance
Rating System, which is accessible by commod-
ity, part number, or vendor.

Certified Supplier Program

In 1991, RMSC initiated the Certified Supplier
program to reduce the costs and cycle times of its
receiving and inspection processes. The program
alsoaddressed costs associated withtravel, source
inspectors, duplicate receiving inspections, and non-
conforming material/corrective action activities.

Corrective and Preventive Action
Teams

RMSC established Corrective and Preventive
Action Teams to proactively address methods for
reducing non-conformances. These teams also
enable RMSC to support information technology
and agile manufacturing initiatives.

CycleInventory

Per Federal Acquisition Regulation, Part 45,
RMSC needed to establish ameans of controlling
and verifying inventory accuracy levels, as de-
scribed in the Department of Defense's Material
Management Accounting Standards. In 1987,
RMSC initiated the Cycle Inventory process to
comply with this regulation, and to provide sched-
uling accuracy for production.

Diminishing Manufacturing Sources
Management

Like other military contractors, RMSC is faced
with the ongoing problem of electronic component
obsolescence. To address this problem, RMSC
developed a Diminishing Manufacturing Sources
management strategy to evaluate other avenues
for dealing with component obsolescence.

Electronic Soldering

Since acquisition reform became a Department
of Defense initiative, soldering at RMSC has
changed a great deal. Today, RMSC's Electronic
Soldering process is an advanced technology that
produces highly reliable solder joints, and uses
well-defined requirements, guidelines, and speci-
fications; state-of-the-art equipment; specific
materials; controlled processes; excellent skills
training; and organized contractor flowdown.
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Elimination of Government Source
Inspections

The Single Process Initiative is a partnership
between RMSC and the U.S. Government. The
objective is to identify processes which, when
redesigned, will provide added cost savings for
the customer and contractor, without compro-
mising product quality. The RMSC/government
team addressed two issues: the elimination of
Government Source Inspections, and the elimi-
nation of government signatures on ammunition
data cards.

Industrial Engineering Group

Inthepast, RMSC's Industrial Engineering group
manually reviewed all aspects of the company's
production operations, per military specifica-
tions. Today, this group uses the latest software
packages to optimize production areas, reduce
implementation risks, develop labor standards,
and perform facilities engineering at RMSC as
well as at suppliers' sites.

Manufacturing Verification Program

In 1993, the company developed the Manufactur-
ing Verification Program to assure continuous
improvement in the quality of its products and
processes. Through this certification program,
technicians are trained to manufacture and in-
spect their work.

Point-of-Use Material Issue

Thesheer volume of parts needed to keep up with
assembly line demands (25 units per day) makes
kitting an impossible task. Today, RMSC uses a
Point-of-Use Material Issue process to move
material from the stockroom to the appropriate
location on the Tube-launched, Optically-tracked,
Wire-guided assembly line, without first kitting
the parts.
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Research and Development Partnership 66

In 1994, RMSC and the University of Arizona
formed a partnership (funded through the Air
Force) to identify alternative methods of remov-
ing trichloroethylene from groundwater. The
group examined the controlling factors for remov-
ing contaminants in high concentration areas,
and evaluated alternatives to enhance the effi-
ciency of the existing pump and treat groundwa-
ter remediation systems.

Solid Waste Recycling Program

In 1996, RMSC was tasked with meeting a 50%
solid waste reduction goal for 1997, based on
1992 landfill metrics. To develop the Solid Waste

Item

Recycling program, RMSC and unionrepresenta-
tives teamed together to identify and implement
several alternatives to landfilling.

Statistical Process Control

In 1993, RMSC formed a group to identify the
company’s manufacturing processes, and review
howthey contribute to product performance, qual-
ity, cost, and schedule. Based on RMSC's culture,
this group initiated a seven-step Statistical Pro-
cess Control process which analyzes critical and
major processes for implementing process con-
trol charting.

CreformTooling

In 1996, RMSC began using Creform Tooling to
build its material handling equipment and parts
presentationdevices. Creformis a plastic-coated,
steel-pipe material which enables RMSC to cre-
ate devices that are mobile, reusable, easily
reconfigured, and relatively inexpensive.

Environmental, Health, and Safety
Strategic Plan and Goals Process

The Environmental, Health, and Safety Strate-
gicPlan creates the foundation for RMSC's Envi-
ronmental, Health, and Safety management sys-
tem, and provides the vision, mission, and guid-
ing strategic objectives for the company's Envi-
ronmental, Health, and Safety programs. The
plan is also aligned with the five focus areas
(customer satisfaction, competitiveness, qual-
ity, people development, and financial perfor-
mance) of Vision 2000.

Final Assembly Checkout

RMSC uses a Final Assembly Checkout facility
to handle missile warheads and explosives. At
this facility, employees can perform all phases of
production on missile systems, including final
assembly and test procedures. This approach
eliminates the need to ship missile systems to
secondary locations.

Maximization of Carbon Loading
Efficiency for Soils Remediation

RMSC developed dual phase extraction as an
enhancement to its pump-and-treat remediation
system. During the maximization stage, vapor is
discharged into the primary carbon vessels until
the vapor concentration of the vessel effluent is
the same concentration as the vapor entering the
vessel. This process ensures the maximum satu-
ration of the granular activated carbons. The
maximization loading efficiency is also essential
in controlling remediation costs.

Page

67

67

11



Item
Waste Segregation Process

RMSC's Waste Operations Team created a docu-
mentation process that uses labeling codes and
a corresponding work instruction list for collec-
tion and processing of spent hazardous chemi-
cals. This documentation process ensures that
waste is handled according to environmental
regulations, and helps reduce non-compliance,
incorrect treatment, and storage problems.

Wastewater Strategies Team

Current and anticipated transition activities
{e.g., moving major wet processes to other
Raytheon facilities) may decrease or eliminate
future demands for services at RMSC's Indus-
trial Wastewater Treatment Plant. In response,
RMSC set up the Wastewater Strategies Team
to simplify the treatment processes and its sup-
porting infrastructure. The team will also revise
and implement the necessary management prac-
tices for wastewater and chemical management.

On-Hand Inventory Level

In 1991, RMSC initiated a program to reduce its
production On-Hand Inventory Level to a three-
month quantity. This change was the result of
government contractual requirements, whichset
five months as the maximum on-hand inventory
level.

Phalanx Life Cycle Support

Currently, the process for furnishing spares and
supplying support for the Fleet's Phalanx weapon
systems involves many subcontractors and sup-
port activities. This process can take numerous
days to fulfill orders requested by sailors. RMSC
is proposing a simplified approach which will
provide 24-hour availability to the Fleet, and a
response time of hours instead of days.

Subcontract Management

Approximately 80% of the materials used by the
Phalanx and Rolling Airframe Missile Launcher
programs is provided by subcontractors. The In-
tegrated Product Teams of these programs recog-
nized that in order for RMSC to become a world-
class provider, the company needed to implement
a more disciplined approach for material pro-
curement. The teams identified three key ele-
ments which needed to be addressed: material
requisition release date; purchase order place-
ment date; and subsequent receipt of the pur-
chased material.
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Item
Supplier Base Reduction

RMSC established a Supplier Base Reduction
process to effectively control and reduce its sup-
plier base. This process focuses on using supplier
certifications, supplier improvements, and eco-
nomic support of agile manufacturing to stream-
line the base.

Technical Data Export Certification

RMSC initiated Technical Data Export Certifi-
cation to standardize the forms, certifications,
and handling procedures for exporting technical
data. This process ensures that technical data
exports can only take place if a valid export
license or an International Traffic in Arms Regu-
lations exemption exists.

Value Engineering Process

In 1988, RMSC initiated an active Value Engi-
neering process on its Advanced Medium Range
Air-to-Air Missile program to implement low-
cost design changes. This process allows the
company to progressively update a program's
design and incorporate current parts technology.

Best Practices Web Page

The Best Practices web page enables RMSC to
identify and collect noteworthy practices through-
out the company. RMSC hopes to springboard
this tool into a way of making breakthroughs in
new and developing processes.

Contractor Self-Governance

RMSC and the local Defense Contract Manage-
ment Command Program Quality representa-
tives for the Advanced Medium Range Air-to-Air
Missile program began exploring the idea of
Contractor Self-Governance. This approach would
shift many of the oversight duties of the local
Defense Contract Management Command to
RMSC for this missile program.

Employee Recognition Day

In 1996, RMSC expanded its Employee Recogni-
tion program by adding an annual Employee
Recognition Day. On this designated day, the
company recognizes all employee contributions
which led to the successful achievement of enter-
prise goals.

Hourly Technical Membership

RMSC, in conjunction with its Test Equipment
Design Centers, decided that hourly employees
should be equally represented on all Integrated
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Item

Product Teams. Since most products are as-
sembled by hourly employees, their input during
the early phases of development could greatly
reduce costs during production. In addition, all
employees become more dedicated and produc-
tive when they are treated as part of the team.

Internet Website

RMSC's Internet website is an excellent way for
the company to communicate information, pro-
vide services, and highlight accomplishments.
Two aspects of this website are the Human Re-
sources and the Media Relations web pages.

Materials and Processes Engineering

In 1997, RMSC combined the Applications Engi-
neering group and the Laboratory group to form
a single Materials and Processes Engineering
team. The creation of this multi-functional team
enabled RMSC to effectively deploy Materials
and Processes resources, and leverage the talents
and abilities of its employees.

Process Oriented Contract
Administrative Services Program
Management

Mandated in 1994, the Process Oriented Con-
tract Administrative Services program fosters
ways to improve the working relationships be-
tween contractors and the government. In 1997,
RMSC implemented the Process Oriented Con-
tract Administrative Services Program Manage-
ment as a way to maximize the opportunities
within this mandated program.

Proposals and Media Support Process
Teaming

RMSC's Proposal and Media Support Services
department uses a flexible structure that per-
mits the rapid buildup and disbandment of Spe-
cial Project Support Teams as proposal, presen-
tation, graphic, and multimedia needs arise. In
addition, this approach provides true integrated
and shared support functions that are supported
by cross-functional teaming.

Purchased Material Inspection

In 1994, RMSC developed an automated Pur-
chased Material Inspection system which can
capture inspection/test requirements andresults.
This system operates at minimal cost, and cre-
ates a common focus and plan for component
inspection and test information.
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Item
Software Quality Assurance Tools

In 1993, RMSC's Software Quality Assurance
group developed an application which uniformly
reports the software quality metrics across mul-
tiple programs. This data collection and report-
ingapplication standardizes the metrics of project
and processdata, while reducing the report prepa-
ration time.

Streamlining Interconnect Test
Requirements

InFebruary 1998, RMSCbegan waiving Group B
and/or Group C testing requirements for inter-
connect products used on all programs. By stream-
lining these requirements, the company reduced
the costs and lead times associated with procur-
ing interconnect products.

University Liaison Program Plan

RMSC has developed a company-wide, coordi-
nated program plan whose purpose is to build
partnerships with schools, colleges, universities,
and its employees to leverage technology, stimu-
late life-long learning, and nurture diversity.
Usingateamofengineering and humanresources
personnel, the University Liaison Program plan
focuses on recruiting, education, diversity, and
technology.

Video Teleconferencing Center

Overtheyears, RMSC's evolving video teleconfer-
encing capability has improved its communica-
tions with other sites and reduced travel ex-
penses. Today, Raytheon has approximately 114
rooms within the corporation that are equipped
with video teleconferencing capability and com-
patible dial-up systems.

Vision 2000

Vision 2000 is a visual alignment tool that pro-
vides information on RMSC's vision, goals, and
accountabilities. This shared vision is part of
everything that represents RMSC; forms the basis
for its strategic plans and annual goals; and pro-
vides the framework for managing its enterprise.
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Point of Contact

For further information on items in this report,
please contact:

Ms. Cynthia Scribner

Raytheon Missile Systems Company
Defense Systems Segment

Building 809, M/S R-3, Column R-4
1151 E. Hermans Road

Tucson, Arizona 85706

(520)794-1119

Fax: (520) 794-9801

E-mail: cmscribner@west.raytheon.com
Web: www.raytheon.com
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Section 2

Best Practices

Design
Boundary Scan Test

Thetest engineers and circuit/product designers at
Raytheon Missile Systems Company's (RMSC's) Elec-
tronic and Product Design Center work concurrently
duringtheearly stagesof product design to maximize
usage of new digital design testability and test tech-
niques. The Center'slatest technique is the Boundary
Scan Test (BST), which combines digital circuit
design, design for test/testability, and prototype test
functions. The BST enables users toemploy PC-based
assembly verification tests and in-system/on-board
programmable capabilities for new designs. Typical
programming scenarios include setting up devices
(e.g., logic chips, field-programmable gate arrays)
with simulation vectors for low speed verification of
design simulation in hardware or with synthesized
test bench parameters to apply stimulus to a Unit
Under Test (UUT) at speed.

The BST function must be designed into a new
digital design as a resident part of the microchip
circuit. This process involves using the designer's
circuit database; completing post processing of the
board netlist to a PC platform; applying Boundary
Scan Descriptive Language models for compilation;
and creating support files via commercial-off-the-
shelf (COTS) software tools. Technicians can apply
the BST toa UUT by using a Windows 95-based PC,
aCOTS controller card, and RMSC-designed control-
ler software. The BST provides complete testing
capability which can be quickly implemented and
placed on-line to test a product's first engineering
units. This same test software and test platform can
beusedinother settings (e.g., engineeringlaboratory,
circuit board assembly facility, production test and
rework facility), which significantly reduces costs
and improves efficiencies.

RMSC successfully implemented BST practices on
its Standard Missile Block IV and AIM-9X programs,
which reduced troubleshooting cycle timesby afactor
of 8:1. Other benefitsinclude eliminating $1.5 million
in capital equipment costs and $35,000 in annual
recurring costs for automated test system operations;
setting up two new digital designs that are 100% in-
circuit programmable; and establishing cost effective
PC-based circuit ring-out (shorts and opens) in new
digital designs.

Centralized Components and Materials
Team

By centralizing its Components and Materials team,
RMSC established a cadre of collocated experts for
grave-to-cradle support in parts, materials, and pro-
cessdisciplines. Thisapproach standardizes all RMSC
programs, and replaces the previous method which
inconsistently handled component and material prob-
Iems. The Components and Materials team consists of
three groups: Components and Materials Applica-
tions; Component and Materials Laboratories; and
Computer Aided Design (CAD) Library Support. These
groups can provide direct support on specific issues
and/or indirect support via the Components Informa-
tionManagement System (CIMS).

Components and Materials Applications —These
experts specialize in parts and materials documenta-
tion and contract requirements; commercial and
military supplier processes; radio frequency, micro-
circuit and connector applications; non-destructive
testing; chemistry, materials science, and metallurgy;
composite materials; and surface corrosion. The group
maintains the technical accuracy of CIMS, and leads
the Parts/Material Management Teams (P/MMTs) in
determining the approval status for design standard-
ization. In addition, the group supports the on-line
RMSC parts and material request process by deter-
mining RMSC preferred parts; validating part num-
bers; identifying technology maturity level and/or
obsolescence; ensuring part availability; verifying
supplier statistical process control; and monitoring
partreliability.

Component and Materials Laboratories — These
experts use extensive state-of-the-art chemical analy-
sis, failure analysis, test, materials, and process
equipment/methods (e.g., differential scanning calo-
rimetry, Fourier transforminfrared spectroscopy, dy-
namicmechanical thermal analysis, scanningelectron
microscopy with energy dispersive spectra analysis,
plasmaetching, hermicity testing, salt fog, mechanical
testing, prototype plating). In addition to providing
quick and valuable responses to customers' requests,
this group develops and maintains standard processes
as well as the associated documentation and metrics.

CAD Library Support — These experts establish
the company's standardized symbols, geometries,
and simulations. This groupis part of the RMSC-wide
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effort to integrate processes, and to control and stan-
dardize the parts and materials selection. The com-
pany funds the development of CAD library compo-
nents for RMSC preferred parts with overhead mon-
ies. Those programs interested in using new or non-
preferred parts can do so at their own expense.

The collocation of the Components and Materials
team enabled RMSC to easily implement a jointly-
developed June 1994 Tri Service/Hughes Directive.
As a subset of CIMS and a direct result of the
Directive, RMSC established an approved parts and
supplierslist; astandard process for materials and part
selection; standard documentation practices; PPMMT
support for all program design activities by identify-
ing preferred parts; and a multi-program checklist to
ensureall parts are evaluated for key characteristics.
Thisapproach provides earlyidentificationof potential
problems suchas parts obsolescence, supplier quality,
design quality, and producibility. In addition, RMSC
predominantly uses CIMS as a design tool which
strongly facilitates the use of proactive, standardized
design practices within the company. Future plansare
toextend CIMS into manufacturing models.

Since centralizing the Components and Materials
team, RMSC reduced part level documentation costs
by 56% and corresponding cycle times by 20%. The
company alsoachieved a 52% increase inrequests for
documentation and a 17% increase in requests for
laboratory support. Awareness and accessibility were
anoverall improvement to all RMSC programs.

Composites Integrated Product Team
Approach

After the 1993 merger between Hughes (now
Raytheon) and General Dynamics, the company de-
cided to move all of its composites expertise to the
Tucson facility. A cross-functional Integrated Prod-
uct Team (IPT) was set upin 1994 to foster composite
structure development. RMSC uses this Composites
IPT approach to meet its customers' needs for ad-
vanced, leading-edge technology at reasonable costs,
and often with arapid development schedule.

Comprised of development and production person-
nel, the team consists of a key individual for each
process technology as well as each weapon systems
program that involves composites technology. The
composites expertise at RMSC is quite broad, and
encompasses compression molding, filament wind-
ing, low observables, resin transfer molding, coat-
ings, hand layup, radome bonding, candlering, and
metal finishing. This expertise, along with the asso-
ciated manufacturing capabilities, allow RMSC to
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determine the best process for fabricating aparticular
component. By matching the process toapartrather
than fitting a part to an available process, the team
can create the best quality part at the lowest cost.

Prototyping is largely accomplished on the produc-

tion floor withmanufacturing equipment. This method
reduces development cycle time; decreases overhead
costs; and increases theaccuracy of productionfabrica-
tion cost estimates. In addition, the risk of scale-up is
minimized because fabrication can be proven on the
production floor, resulting in a seamless transition to
production. Using COTS materials and existing pro-
cesses/equipment, RMSC developed a hybrid composite
structure capable of operating at 2000°F for use inits
Lightweight Exo-Atmospheric Projectile (LEAP) and
Standard Missile Block IV-A programs. Dependingon
the actual application, this hybrid structure offers
significant cost reductions, as well as performance
advantages that are not possible with alternative ap-
proaches. Another technology breakthrough is the
development ofa powder coating process for composites.

RMSC's success with the Composites IPT approach

enabled the company to become a leader inlow cost,
leading-edge composites technology. This approach
provides rapid, real-time development; production
floor provability; and long term cost savings. The
team'’s achievements include:

e Advanced Medium Range Air-to-Air Missile
(AMRAAM) program — 60% cost reduction on
target detection devicespacersand 36%reduction
ontargetdetectiondevice overwrap;

« Tomahawk program — 22% cost reduction on
inletduct;

« Phalanx program — 27% cost reductiononMass
Storage Device Drawer chassis;

* Evolved Sea Sparrow Missile (ESSM) program —
one-week prototype development for warhead
compatible telemeter radome;

* AIM-9X program — two-week prototype
development for harness cover.

Configuration and Data Management

Between 1970 and the early 1990s, Hughes (now
Raytheon) tried to adheretotwelveindependent Army,
Navy, and Air Force standards for its Configuration
and Data Management processes. Variation in con-
tracts and obsolete procedures made this task quite
difficult. Today, RMSC conducts its Configuration
and DataManagement systeminaccordance withthe
industry standard EIA-649 Configurationand Data
Management Process manual.




The EIA-649 Configuration and Data Management
Process manual documents the process flow architec-
ture tosupportindustry Integrated Product Develop-
ment (IPD) teams as well as government require-
ments, and ensures that government configuration
management requirements are aligned to industry
processes, tools, and metrics. The manual aiso pro-
vides information for site-wide application of configu-
ration and data management requirements, allowing
RMSC to standardize its internal procedures, im-
prove the effectiveness and applicability of personnel
training, and maximize the commonality of auto-
mated tools for defining, recording, delivering, and
accessing information. This approach provides the
company with a common set of metrics across all
productlines, allowing for evaluations and compari-
sons across product lines.

RMSC's Configuration and Data Management sys-
tem encourages program managers to focus on the
process, not therules, and strive for high performance
levels. This methodology also helps reveal deficiencies

The CALV process is an adaptation of acommercial
pricing practice that allows the customer to deter-
mine how much performance it can afford. This
process reduces cost and risk by setting aggressive
and firm cost objectives, increasing competition,
incentivizing suppliers, and effectively utilizing
producibility programs and design reuse. Inaddition,
the process reduces total ownership, increases cus-
tomer satisfaction, and provides cost performance
that meets or exceeds the customer's needs. RMSC's
designteams conduct structural evaluations of vari-
ous cost-performance tradeoffs by establishing realis-
ticbut aggressive cost requirements; devising appro-
priate metrics; allocating requirements down through
the product structure; and managingrisk toachieve
cost, schedule, and performance objectives. The re-
sult is the most cost efficient means of balancing both
cost and performance requirements. The customer
thendetermines whether this tradeoff of performance
for cost savings is acceptable. Figure 2-1 illustrates
the CAIV process map.
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to 1995, no process existed at RMSC which could
provide performance versus cost tradeoffs. In 1995,
the Under Secretary of Defense for Acquisition and
Technology identified the need to develop a process
that could treat cost as an independent variable, and
allow the government to procure the most perfor-
mance for an affordable cost.

The AIM-9X program s currently inthe Engineering
and Manufacturing Development phase at RMSC. As
one of the Department of Defense's (DOD's) flagship
programs, AIM-9X was chosen by the Navy to be a
candidate for the CAIV process. After RMSC imple-
mented the process, the program’s subassembly recur-
ringunitcost wasreducedfrom $35,000to $4,000. This
represented asavings of $310millionover 18 production
lots, while still maintaining product performance.
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Design For Environment Program

RMSC developed and implemented a Design For
Environment (DFE) program which eliminates haz-
ardous materialsand processes, rather thanmanaging
the hazardous waste created. This program also en-
ables the company toincorporatealternative materials
and processesduringtheinitial program development
phases. Prior toDFE, noenvironmental design alterna-
tive guidance processes existed at RMSC, nor were any
available from DOD or the Environmental Protection
Agency (EPA). Management recognized that hazardous
materials and waste were designdefects, and changed
the company's design philosophy.

DFE is a commonplace dimension in the overall
optimizationprocess, creating internal and external
(customer/supplier) interfaces that are willing to
spearhead green product and production system de-
velopment. Among the elements for implementing
DFE are having a consistent, repeatable methodology
or process in place; keeping environmental consider-
ations in mind when designing; performing trade
studies and data analysis todetermine design alter-
natives and environmental risks; and assessing the
environmental impacts of potential designs.

RMSC'’s DFE program is fully integrated into the
company's Integrated Process Architecture at the
strategic systems and detailed levels. Unlike other
industry processes, this DFE program does not limit
the environmental impact information at the systems
engineering level. Instead, design engineers canuse
individual PC workstations to access this data in
addition to approved material parts lists; patented
material selector software for material selection; and
the Hammer software tool for risk assessment and life
cycle analysis when determining a hazard rating of
materials. RMSC also provides training for those
involved in the design process so they can effectively
implement DFE.

RMSC's efforts on the design and implementation
aspects of DFE have progressed over the past seven
years. DFE alternative and risk data are now part of
the company's engineering datastructure. Approved
material parts lists feature environmentally miti-
gated orfriendly products. More than 1,500 materials
have been ranked and over 40 material alternatives
offered. RMSC implemented DFE when designing the
dorsal fins for the Standard Missile program. The
effort resulted in hundreds of dollars in savings per
fin, as well as a safer workplace for employees by
eliminating hazardous materials.
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Design of Experiment Techniques

RMSCenhanced its product design and evaluation
process by implementing Design of Experiment (DOE)
techniques. These techniques improved the company's
efforts by employing a structured approach to orga-
nize andevaluate data.

The company uses DOE techniques to evaluate
missile performance. Experiments and tests are con-
ducted using Monte Carlo simulations. The DOE
process then uses related design parameters, from
these experiments and tests, to efficiently identify
systemvariability. The process allows for the efficient
identification and elimination of a missile's variabil-
ity in relation to the test or intended threat param-
eter. When used accordingly, DOE techniques can
optimize quality, decrease development costs, and
reduce product development time.

Since implementing DOE techniques, RMSC re-
ducedits computer runtimesby 88% compared toother
methods, and improved the quality of performance
measures. The process imparts statistical relevance
intoresulting indices, and reduces directlabor costby
decreasing the amount of data tobe evaluated. Other
areas where DOE techniques could work include
evaluating and selecting information systems, net-
work systems, and other missile systems.

High Temperature Composite Structures

RMSC developed high temperature compositestruc-
tures using a graphite substrate and a silicone outer
shell. Theselightweight compositestructuresfeaturea
graphite/bismaleimide, load-bearing framewithanon-
ablative silicone coating for thermal protection. The
hybrid design providesleading-edge technology thatis
capable of meeting the increased performance require-
ments of high speed, lightweight missile systems.

Fabricated from COTS materials, this composite
structure offers a low cost option. RMSC currently
uses this high temperature composite structure for
the nosecone for its LEAP weapon system. The alter-
native was an exotic metal alloy which met the
2000°F operating requirement. However, the alloy's
high production costs and heaviness made it an
unfavorable choice. RMSC successfully fabricated the
complex shaped, varying diameter structure for the
LEAP nosecone application by using a filament wind-
ing process.

Another application, which RMSC is considering
for the composite structure, involves the dorsal fins
for the Standard Missile 2 Block IV-A program.




Currently, these fins are being fabricated with a
laborious and expensive material system. Inits first
attempt, RMSC successfully produced a prototype
hybrid structure fin. The preliminary cost analysis
suggests that the replacementofthe current material
system with the composite structure will result ina
more producible part at approximately 20% of the
current cost. With four fins on each missile, RMSC
could save approximately $48,000 per missile.

Integrated Flight Simulation

RMSC developed an Integrated Flight Simulation
(IFS) which runs performance analysis, requirements
verification, design development, pre-flight analysis,
and post-flight analysis on simulated missiles. This
Six Degrees of Freedom (6DOF), imaging IFS uses
detailed models of sensors, target geometry, tracker
algorithms, and other simulation requirements to
accurately emulate the missile.

RMSC's simulation development process started
with the Missile Object-oriented Simulation Tool
(MOST), anunclassified generic simulation program
written in C++. The company and several of its
customersworked together todevelopIFSand MOST,
and are now well versed in the reusable user interface
that drives these simulations. MOST can provide
future programs with a mature 6DOF structure for
airborne vehicles as well as generic missile models
that can be used in trade studies; Monte Carlo simu-
lations; missile phasing capability assessment; and
digital model timing control simulations.

Designand validation simulations are aproven, low
cost tool which provide users with an alternative to
actual tests. RMSC designed the IFS structure to be
easily adaptable to changing simulation roles, user
needs, and requirements when simulating airborne
vehicles that require 6DOF. IFS planning, develop-
ment, and implementation enabled RMSC to achieve
this adaptability in the AIM-9X program.

Plastic Encapsulated Microcircuits and
Manufacturers’ Part Numbers

RMSC implemented two proactive programs in-
volving plastic encapsulated microcircuits (PEMs)
and manufacturers' part numbers. Prior to 1997, the
use of PEMsrequired governmental permissionand
the creation of an extra drawing which referenced
manufacturers' part numbers for ordering purposes.
RMSC saw a need to revise these procedures. By
placing the manufacturers’ part numbers directly on

an assembly drawing, the company could eliminate
the need tocreate anon-value added component draw-
ingand reduce costs. Inaddition, military semiconduc-
tor devices make-up less than 0.4% of the total dollar
volume insemiconductor areas, and are continuing to
decrease. Asaresult, more military standard partsare
becoming unavailable or obsolete, which s increasing
the number of PEMs requests to customers.

In 1997, RMSC received contract authorization
allowing the company to use PEMs onthe AMRAAM
programwithout requiring procurement activity ap-
proval. Today, 97% of the available packaged micro-
circuits are PEMs, which enable the company toavoid
expensive redesign costs. These drop-in commercial
parts, however, must meet environmental and perfor-
mance requirements, and cannot compromise a
product's mission. IfPEM specifications do not meet
design criteria, then the part can be tested to deter-
mineifit meets all requirements. In addition, state-
of-the-art components are now morereadily available
as commercial devices, and their use will further
reduce costs. RMSC is using PEMs in several of the
AMRAAM assembliesincludingtheinertial reference
unit; VE and AR frequency reference units; infrared
receiver; and B filter processor. Commercial data-
bases allow RMSC to verify obsolete parts, recom-
mend alternatives, and receive notificationofapart's
obsolescence. The company plans toexpand the use of
PEMs inthe AMRAAM program.

Alsoin 1997, RMSC received governmental permis-
sion to place manufacturers' part numbers on
AMRAAM assembly drawings. By using this process,
RMSC eliminated the use of non-value added compo-
nent drawings to call out manufacturers’ part num-
bers. Now, the part numbers are placed directly on
the assembly drawings. Previously, RMSC spent two
to five hours creating, processing, and reviewing
AMRAAM component drawings before they could be
incorporated into an assembly drawing. By placing
the manufacturers’ part numbers directly on an
assembly drawing, the company incurs no drawing
costs. The manufacturers' part numbers are also the
common denominator between the unique drawing
and the specification systems, whichwere established
by each Raytheondivision. This process has theadded
benefit of reducing costs while not compromising
configuration management.

RMSC'suse of PEMsbrings the company lower costs,
greater selection, and better availability compared to
military devices and, insome cases, higher quality and
reliability. Obsolete or unavailable military standard
parts usually have acommercial-grade PEM replace-
ment which is readily available. RMSC replaced a
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$150 military standard amplifieron AMRAAM with
a commercial PEM at a cost of $3.50. In addition to
individual component savings, the redesign of exist-
ing hardware is minimized by using PEMS.

Pumping Very Low Water Yield Wells
with Conventional Submersible Pumps

RMSCbuildswater wells intight, low permeability
clay units as part of a pump-and-treat redemption
systemforazone of contaminated shallow groundwa-
ter. Conventional 0.5-horsepower, 480-volt submers-
ible pumps are the most cost-effective devices touse in
theseareas, butdraw at ten gallons per minute (gpm),
whichrapidly deplete the well's water. As aresult, the
pumps burn out when operated under this no-load
condition. Although very low yield pumps are avail-
able, they are expensive and not as reliable as sub-
mersible pumps. Their associated submersible con-
trollers with downhole probes are also unreliable and
require high maintenance.

RMSCresolved this problem by installing electrical
load-sensing motor controllers on 41 of its low water
yield redemption wells, When a no-load current con-
ditionis detected, the controller turns the pump off for
a pre-designated period of time. This above ground
device cycles the pumponand offaccording to the flow
of groundwater into the well. Asaresult, the company
canuse conventional submersible pumps to draw low
yield (0.1 gpm continuous flow) water wells. The
controller also measures the amperage of the pump’s
motor in addition to other operating parameters.
When a well pumps dry, the load on the motor drops
and the amperage decreasesaccordingly. The control-
ler senses this decrease and shuts off the motor. After
a pre-programmed time, the controller restarts the
well. The pre-programmed time is determined by
measuring the amount of time it takes for the well
casing to refill with groundwater.

The motor controllers enable RMSC to use its
existing, readily available, low cost submersible pumps
in very low water yield wells. The controllers cost
$170each compared to the $500-a-piece replacement
cost for existing submersible pumps. Alternatively,
retrofitting submersible pumps withlow rate bladder
pumps or centrifugal pumps with controllers would
costbetween $1,000and $2,000, and thesedevices are
not designed for continuous use. RMSC's motor con-
trollers have been in operation for more thanayear,
and are quitereliable. The company has alsorealized
significant savings from cost avoidance.
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Quality Function Deployment Program

RMSC implemented its Quality Function Deploy-
ment (QFD) program as a structured process for
gathering information and comprehending the voice
of the customer. The program ensures that those
aspects of a requested product or service, which the
customer deems most important, will be given special
attention. By using QFD, RMSC can align and opti-
mize designs, materials, and processes to satisfy the
customer's expectations.

QFDisaflexible, robust tool used in all phasesofa
product/process from concept to production. The pro-
gram identifies and prioritizes high leverage activi-
ties which directly relate to customer satisfaction.
RMSC applied QFD to costreductioninitiatives, trade
studies, test equipment design, reliability improve-
ment, finance process improvement, and information
technology strategic planning. As a result, the com-
pany has met or exceeded customer expectations.
QFD provides the user with a systematic and struc-
tured processfor translating the voice of the customer
into corresponding requirements and actions. This
process allows the user to deploy quality, reliability,
cost, and technology throughout all phases of product
development. QFD uses a House of Quality format
which stores the data used to document the process.
RMSC management supports the QFD program, and
gaveits approval of QFD training from the American
Supplier Institute in 1988. Customer involvement
and representation made QFD successful at RMSC.

The QFD program identifies and defines vague
requirements; promotes a teamapproach; increases
organizational ownership; and reduces cycle timeand
engineering changes. Since using the QFD program,
RMSC has avoided high cost of quality, prevented
costly engineering changes, fully comprehended cus-
tomer requirements; and prioritized activities. The
mostimportant benefit of QF Disthatithelpsthe user
to truly understand the voice of the customer. RMSC
also extended its QFD program beyond its defense
sector work to the community. The company helped
the state of Arizona apply QFD techniques to its
welfare reform and healthcare initiatives.

Rapid Prototyping

RMSC implemented arapid prototyping method to
fabricate models directly from 3-D CAD data. This
method provides a quick physical visualization of
hardware concepts without the need for expensive and
time-consuming machining, tooling or drawing gen-
eration. Rapid prototyping can produce a prototype



overnight with higher accuracy than previous meth-
ods could accomplish in weeks.

Through the use of incentives, RMSC is promoting
rapid prototyping tools and good design practices. The
stereolithography apparatus is available to all pro-
grams viathe Knowledge Center Southwest. Inaddi-
tion, the company will pay for unlimited design
prototypes to encourage the use of these tools. This
approach has converted a virtually unused asset into
suchapopular tool that RMSC is planning on acquir-
ingasecondone. Rapid prototyping supports RMSC's
tenets for successful operations including structured
methodology; common tools and processes; agile cre-
ative environment to promote learning; and rapid
learningas partofreduced cycle time. Other types of
prototypes (e.g., selective layer sintering, laminate
object manufacturing, fused deposition modeling) are
outsourced by RMSC.

Some examples of rapid prototyping's effectiveness
include:

» Tomahawk program — The original Tomahawk
tailcone was a 22-inch diameter by 3-foot length
assembly with more than 75 parts and 800 hand-
placed rivets. Desiring a single piece casting,
RMSC used its 3-D solids modelin CAD to produce
rapid prototypes and fit test them around an
engine to verify the design. The Pro/Engineer
model was then sent to the casting supplier, who
worked withRMSC to create the part and tooling
from the model. Rapid prototyping produced a
more accurate tailcone which is four pounds
lighter, and can be cast in one piece.

» Radiofrequency wave guide — As a complex part
with tight tolerances, the radio frequency wave
guidewas prototypedinapolymermodel. Designers
were able to plate the prototype, and can use the
partas-isintheirenvironment. Notall operational
environments would permit such ausebut, where
feasible, this process constitutes substantial
savings.

* AIM-9X program — Designers used rapid
prototyping to fit check the AIM-9X control
actuation system assembly. The results showed
that this component needed tobe cast since it was
impossible to machine as planned. By identifying
this potential problem early in the program,
RMSC avoided substantial costs and problems.

Designers use accurate, rapid prototyping methods

toperform fit and function tests early in the process,
generate more iterations and alternatives, and re-
ceive prompt feedback. This approach optimizes de-
signs and avoids substantial costs later in the process.

Rapid prototyping also reduces manufacturing costs
by creating more producible designs, encourages de-
sign-for-manufacturing assembly, and constructs
master patterns for vacuum forms, castings, and
tooling. Other benefits include improved IPT commu-
nications; reduced design and manufacturing times;
and better comprehension and response capability
regardingrequests.

Raytheon Electronics Packaging
Consortium

RMSC developed a collaborative organization to
leverage the broad range of electronic packaging
resources available across the Raytheon corporation.
Previously, each Raytheon division relied on its in-
house staff for engineering knowledge. Pressures on
availablediscretionary funds hindered internal devel-
opment of all the packaging technologies required by
RMSC product lines. With the establishment of the
Raytheon Electronics Packaging Consortium (REPC),
the corporation can draw from a larger technical
engineering resource to achieve competitive designs
and cost savings.

REPC consists of representatives and senior execu-
tives from Raytheon business units. All electronic
packaging and new business investment projects
within RMSC are grouped and managed under the
REPCumbrella. REPC's guiding principles consist of
customer satisfaction, competitiveness, quality/reli-
ability, and product enabler. The consortium's func-
tions include identifying current packaging capabili-
ties; communicating packaging capabilities and key
technologies throughout the corporation; facilitating
roadmap development; providing a means for infor-
mation exchange among Raytheon Centers of Excel-
lence and Engineering; and linking packaging invest-
ments to strategic systems goals.

REPC enables RMSC to gain access to projects in
other Raytheon business units via direct sharing,
workshops, and technical reviews. Shared member-
ship costs inexternal consortia allow RMSC to partici-
pate in commercial surface mount infrastructure
development, and to continuously view commercial
packaging trends and roadmaps. This approach has
been extremely usefulin validating the corporation’s
technical plans. REPC also provides RMSC with a
10:11everage, returning $10 inresources forevery $1
invested. RMSC's consortium model canbe applied to
any technology development function or organiza-
tional structure which must work across business
segments, business units, or programs.
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Six Degrees of Freedom Simulation
Development Process

RMSCbuiltaSix Degrees of Freedom (6DOF) model
that simulates the prelaunch and flight operations of
amissile, including atmospheric conditions and glo-
bal positioning/satellite communication systems. The
6DOF model accomplishes this feat by using math-
ematical computer representations of missile sub-
systems; mass property databases; simulations of
atmospheric conditions; global positioning/satellite
communication systems information; and other mis-
sile flight hardware and software. RMSC has simu-
lated various missile subsystems by creating inertial
sensor, propulsion, actuator, and non-linear aero/
hydromodels. These subsystems handle missile guid-
ance, navigation, control, and flight performance.

RMSC accomplishes 6DOF simulations by develop-
ing two modeling categories. The first is by creating
all software non-real-time simulations for statistical
analysis of navigationsystem and flight performance
{e.g.,covariance analysis, Monte Carlo simulations).
Thesecondisbyusingreal-time, hardware-in-the-loop
simulations complete with sensor representation and
flight visualization capabilities. In the early stages of
development, RMSC implementsaprogressiveconfigu-
ration control practice to facilitate creativity in aless-
structured environment. As the simulation model
matures, the company switches to a more formal
configuration control for hardware and software.

RMSC's software development work led tothe Soft-
ware Engineering Practices and Procedures (SEPP)
for simulation software development, which uses
ISO-12207 (Software Life Cycle Processes) as a guide
for best commercial practice. SEPP identifies and
defines various software development items such as
project management organization, responsibilities,
resources, and metrics; software development process
and associated milestones; software engineering envi-
ronment and programming standards/practices; and
software configuration management and software
quality assurance policies and practices.

Using the software development items along with
contract requirements allow RMSC to yield a con-
trolled software development process with predict-
able, manageable results. Although it currently mea-
sures the effectiveness of software development im-
provements in qualitative terms, RMSC noted ben-
efits in other areas: software build/version control;
completeness of problem assessment and corrective
action implementations; common models for use by
hardware and software simulations where possible;
andinternal and external task coordinations.

22

Verification and Validation of Simulation
Models

RMSC developed a process that expedites software
development by using the same software for model-
ing, algorithm development, simulation performance
analysis, and flight software code development. The
company also designed a process which uses a com-
monmodel tovalidate software development, integra-
tion, and testing.

While developing flight software, RMSC discovered
that most errors occur during the writing phase and
typically create three problems: (1) failure to ad-
equately verify the algorithms under realistic flight
and operating conditions; (2) the hardware designer
incorrectly communicates the defining algorithms to
the software designer; and (3) failure to thoroughly
test the software code at the unit, component, or
configuration itemlevels. RMSC alsonoted that flight
test performance predictions and post-flight perfor-
mance analysis require a validation tool. Since flight
tests are costly, the company strives te minimize the
required number of tests and maximize the probabil-
ity of success.

By developing algorithms in an accurate simula-
tionand using the code directly in the flight software,
RMSC prevented mosterrors frombeingincorporated
intothe software. Thiseffort provided earlyidentifica-
tion of software failures, which significantly reduced
costs associated with locating and correcting code
errors later in the development process. RMSC also
involves the analyst in the flight code development,
which improves performance by addressing critical
issues during the development of the in-real-time
flight software. As a result, the company resolved
many critical issues early in the development phase
including data synchronization, throughput mar-
gins, data resolution, and interaction with other
computer software units.

Thesesoftware development guidelines enable RMSC
to maximize the verification and validation of simu-
lated models while reducing the number of tests
required for performance evaluation. By following
this approach, the company reduced the overall cost
of code formulation, verification and validation, and
final testing.

WarGaming Laboratory

RMSCdeveloped the WarGaming Laboratory which
allowsuserstosimulate products againstanintended
threat on a digital battlefield. RMSC, as well as
government agencies, use this laboratory to develop



simulations which model air combat engagements,
battle group air defense, strike/air defense, and other
missile engagement and defensive scenarios.

The WarGaming Laboratory is supported by a
network of Silicon Graphics, SUN and VME worksta-
tions that host the simulation models and graphical
outputsoftware. These workstations process the ana-
Iytical- and physical-based computer models that
simulate threat characteristics, weapon characteris-
tics, flight profiles, environmental constraints, and
other combat simulation requirements. Users ani-
mate their scenarios by viewing a synthetic battle-
field simulation projected on a large screen. These
simulations provide valuable insight, somissilescan
be properly designed to counter intended threats.

RMSC uses the WarGaming Laboratory's simula-
tions to predict weapon systems performance and
operational effectiveness of its products in a combat
environment. The simulations help the company
prepare top-level weapon system requirements in
relationship tooperational concepts; missile lethality
and effectiveness; airframe capabilities and con-
straints; cost; and other engineering design param-
eters. Currently, RMSC is integrating the product
development process by evaluating product simula-
tions for actual hardware manufacturing.

Production

Automated Calibration System

RMSCinstituted the Automated Calibration System
(ACS) tomaintain calibrations on abroad spectrum of
equipment. This computer-controlled, interactive sys-
tem provides high quality, consistent results for cali-
brating engineering and production test equipment
found inautomated test equipmentstations.

ACS was developed to improve productivity by
automating the calibration process of direct current,
low frequency, radio frequency, and microwave test
equipment. However, the system also provided addi-
tional benefits through easy use and maintenance of
calibration operations, uniformity of system opera-
tions, software designs, and calibration procedures.
With the ability to decrease calibration turnaround
time, ACS can handle future workload increases by
reducing schedule interruptions, lowering program
costs, and eliminating manual interference or misin-
terpretation of equipment manual requirements.

ACS eliminated the need for highly experienced
metrology technicians; long lead time scheduling of
equipment calibrations into production cycles; and
recurring costs associated with software develop-
ment. This calibration system also provides a cost

effective method of meeting calibration requirements
asworkloads increase.

Compliance Management Report Card

RMSC'sEnvironmental, Health, and Safety (EH&S)
Compliance Management Report Card was created
after Hughes (now Raytheon) merged with General
Dynamics in 1993. The EH&S department initiated
this environmental compliance managementsystem
to track multiple facilities and programs. The Report
Card continues to be a valuable tool for RMSC in
handling the merger of programs and facilities.

The Compliance Management Report Card uses a
color-coded array of symbols (e.g., stars, squares,
octagons) toidentify eachfacility'slevel of compliance
(Figure 2-2). The symbols indicate the percentage of
closed audit findings in various categories, while the
color notesthe alert status. Yellow identifies acaution
for afacility, resulting in force action. Arrows which
accompany symbols reflect whether progress isbeing
made on audit findings. The colored symbols provide
an easy visual guide, so employees and management

Accident Energy Waste
Rate Costs Reduction | Compliance

Site A * na na .
Site B . na - O

. not yet not yet not yet @
Site C | established | established | established @
se0 | | | % | W
siee | Y | % | % | W
e HE BN BN
Site G na na B
ser | B |0 | W | W
N BN BN BN
oot | ll | W | W | W
Key:
* No open audit items
. 90% or more of audit findings closed, no major or significant findings open
O 50% or more of audit findings closed, no significant findings open
. Significant finding open, less than 50% of findings closed
O Recent audit, color reflects preliminary status
@ Upcoming audit

Figure2-2. Environmental, Health, and
Safety Goals Status
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can quickly determine a facility's standings. In addi-
tion, each Report Card is accompanied withdocumenta-
tion for the 29 EH&S programs being evaluated.

The EH&S Compliance Management Report Card
provides RMSC with a quick and easy way toidentify
successes and potential problems at each facility.
This environmental compliance management system
assists RMSC with its leadership plans for efficiently
improving performance.

Depot Parts Marking and Identification

One of RMSC's services is depot-level repairs of
military defense system parts, assemblies, and sub-
assemblies. The marking requirements for identify-
ing remanufactured, repaired, and modified parts
and assemblies are often specified in the federal
government's Technical Data Package (TDP). Typi-
cally, these requirements call for etching; epoxy ink
and rubber stamps; stenciling; inked plastic tags; hot
stamped insulation; or marked heat-shrink tubing.
Many of these techniques are labor intensive for the
small quantities associated with depot-level repairs,
and usually generate hazardous waste materials.

RMSC1launched a Single Process Initiative (SPI) to
investigate alternative marking capabilities and
methods, and to obtain customer concurrence for
using improved and more cost-effective methods.
After analyzing alternative marking methods, the
SPI team proved that many of the TDP marking
requirements could be satisfied with COTS marking
systems. These COTS systemsare relativelyinexpen-
siveand do not generate hazardous waste. RMSC now
marks its repaired items by using imprinted polya-
mide labels for flat or slightly cylindrical parts, and
imprinted commercial, heat shrinkablelabels or wrap-
around, self-laminating labels for wires, cables and
harnesses. The company has received concurrence
from DOD customers to use these methods for mark-
ing depot-level repaired parts.

RMSC's technique for marking parts and equip-
ment offers many benefits and is easily adaptable to
any size organization. The technique reduces mark-
ingapplication time, lowers costs, increases produc-
tivity,and meets the partidentification requirements
of TDP. Inaddition, this method supports the practice
of implementing commercial processes which meet
military specifications. RMSC estimates that its first-
year cost savings is in excess of $20,000.

Distributed Receiving and Supermarkets

Distributed receiving and supermarkets are key
factors toachieving production agility. RMSC's seven-
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phase systemic approach promotes continuous im-
provement through the elimination of waste. This
approach uses agile manufacturing processes to de-
liver parts directly to the production lines on an as-
needed basis. Prior to 1995, RMSC housed and in-
spected all purchased partsinacentralreceivingarea
located 14 miles from the production facilities. The
partsremained there until the individual production
areas requisitioned them. Over the years, the in-
creased usage of certified vendors and source inspec-
tions has decreased the need for a central inspection
area. Four yearsago, RMSC began decentralizingits
receiving process by setting up individual storage
locations (supermarkets) in the production areas.

Partsthat donotrequire areceivinginspectionare
shipped directly to these supermarkets from the
vendor. This approach enablesRMSC tostore partsas
close as possible to the manufacturing process which
uses them. By setting up the supermarkets in exist-
ing production space, the company freed up 26,000
square feet of storage space in its original receiving
area. The first production area to change to the
supermarket concept was the Tomahawk missile
line. Since then, five of the manufacturing factories
and eightof the productionareas have been converted.
In some cases, the company established receiving
hubs to serve smaller parts storage areas or mini-
marts. Today, 50% of RMSC's production materials
are delivered directly from the vendor to these hubs
and supermarkets. By increasing the availability of
parts at the production area, the company reduced
total planned cycle times by up to five days, and
decreased actual receiving processing time by more
than a day.

Since implementing these processes, RMSC elimi-
nated unnecessary transportation and repackaging
costs, and reduced the receiving-to-floor cycle times
from one to five days for various production lines. In
addition, production teams can directly control the
response time for parts andkits to the productionsite.
RMSC continues toset up additional supermarkets as
other missile production lines are switched over to
agile manufacturing methods.

Electro-Optic Sensors and Precision
Assembly Multi-Sensor Factory

RMSC integrated the electro-opticsensorsand pre-
cisionassembly (EOSPA) area intoacommon manufac-
turing factory that produces sensorsfor various missile
programs. By using a central manufacturingsite, the
company can easily meet changing requirements and
configurations without rearranging production areas.



In 1997, RMSC reorganized this factory by setting up
flexible work cells dedicated to building specific product
types in standardized operations. These work cells
increased the use of existing capital equipment, and
maximized the workforce knowledge base across all
EOSPA product lines (e.g., spinning mass gyros, stabi-
lized platforms, active optical target detectors/fuses).

The consolidation of the EOSPA workload is in
response to the company's changing work environ-
ment. The EOSPA workload has transformed from a
high volume, low mixture atmosphere to a low vol-
ume, high mixture setting. The EOSPA Multi-Sensor
factory has produced many benefits for RMSC:

* Work-in-process reduced by 52%

* Work-in-process tosales ratio improved by 82%

» Factorysquarefootage reduced by 42%

* Manufacturing cycle time improved by 79%

* Pilot areasquare footage reduced by 25%

» Pilot area cycle time improved by 92%

* Schedule performance improved by 91%

 Facilities cost avoidance saved $2.5 million

* Partnumbersreduced by 11% (Stinger and Rolling
Airframe Missile programs)

* Pilotareascheduleperformanceimprovedby 100%

Sinceimplementing the EOSPA Multi-Sensor fac-
tory, RMSC has reduced its product and support
costs. Thisapproach alsomakes the company flexible
and competitive for emerging product programs.

Flexible Work Cells

Before RMSC could implement agile manufactur-
ing concepts into its Standard Missile program, the
company needed to make major changes to afactory
floor that had been designed around a rigid, linear
flow storage and retrieval system. Starting with a
proven overhead utility grid design, the Standard
Missile Agile Implementation Team developed and set
upflexible work cells. These work cells provide RMSC
withrapid response and reconfiguration capabilities
tomeet changing requirements with minimal disrup-
tion to production. All workstations within a cell are
mobile which promotes a small lot production strat-
egy, and improves production flow across multiple
product types. The use of these work cells also im-
proves communications between IPT members, and
provides immediate problem-solving responses.

By redesigning the area for the Standard Missile
program, RMSC freed up more than 15,000 square

feet of valuable factory floor space, and positioned
three additional production programs into this area.
Flexible work cells enabled the company to consoli-
date the entire missile assembly at Tucson. Three
major subassemblies and all of the guidance section
activities, previously produced in separate locations,
were incorporated together by RMSC.

The implementation of flexible work cells allowed
RMSC tochangeits Standard Missile program from
anoutdated, rigid linear line flow process toone that
meets today's needs and has theflexibility tomeet the
changes and challenges of tomorrow. The company
can modify the production work areas, as necessary,
tofacilitate a more efficient workflow as product types
change. With these improvements, RMSC can rap-
idly respond to and meet its global customers' chang-
ingneeds.

Hybrid Microelectronic Assembly

Based on performance specification MIL-PRF-38534,
RMSC developed the common process document,
D-102, for the production of hybrid microelectronic
assemblies (HMAs). This document enabled the com-
pany tostandardize and improve its HMA production
efforts by employing contractor self-governance, con-
tinuous process improvement, and team-based deci-
sion making.

Previously, the variations in specifications, stan-
dards, screening, tests, inspections, and procedures
resulted in an array of processes which led to costly
training and numerous errors. By standardizing the
process, RMSC maximized product quality while
minimizing the costs. Self-governance encouraged
the entire RMSC team, including customers, to par-
ticipate inthe cooperative development of processes to
produce moreefficient HMA manufacturing. Empha-
siswas placed on reducing the following: manufactur-
ing cycle times; testing and screening levels; and
defects at the earliest stage of the manufacturing
process. Process controls were made to pursue best-
cost reduction decisions, while staying focused on
cycle time reduction and quality improvement. The
company measured awiderange of data toidentify the
value-added changes.

Since implementing this effortin June 1996, RMSC
significantly reduced its cycle times by 50% (Figure 2-3).
Process results are monitored electronically and are
available to team personnel, management, and cus-
tomers. Not only has the team clearly accepted own-
ership of their process, but cross-functional team
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Joint meetings or teleconferences are
held quarterly, while the RMSCIPT meets
monthly. This approach significantly en-

hanced communications, and streamlined
the coordination of government funded

an

projectsbetween the tworemotelylocated
organizations. RMSCalsoreduced approval
responses for the Air Force project from
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months, can now be completed in about
three months.

Lay a Missile on the Table

[ .

RMSC developed the Lay a Missile on

the Table (LAMOTT) process for the rapid

Jan 95 Jan '98 Jan'97  Jan'98
Year

HMA Common Process

Implemented: June 1996

Jun’88 development of a functional missile, prior
to the Engineering and Manufacturing
Development phase of the DOD acquisi-

tion process. The goal was to make a first

Figure2-3. Hybrid Microelectronic Assembly Cycle Time

improvement efforts continue to be implemented.
Nearly $1 million in annual cost savings has already
beenidentified by the company. Efforts are currently
underway to migrate the process throughout all of
RMSC.

Integrated Product Team

In 1966, Hughes (now Raytheon) established an
Integrated Product Team (IPT) for U.S. Air Force
Plant 44 (AFP44). IPT works as a comprehensive
project management/communications tool among
organizations, includingthe Air Force, EPA, Arizona
Department of Environmental Quatity, and RMSC.
This tool is uniquely applied to environmental pro-
grams and projects, and sets up a teamed organiza-
tional structure withrepresentatives fromeachorga-
nization who handle specific areas of concern.

Prior toIPTs, communications between RMSC and
the Air Force were disorganized which often resulted
in duplications, delays, and cost over-runs. RMSC
recognized the need to streamline and simplify its
method of communication, and recrganized its team
toresemble the Air Force's method. Two groups were
established: the IPT, consisting of coordinating man-
agement, facilities, compliance, pollution prevention
{P2), restoration, contracting, and program/financial
management; and theIPT Support, consisting of safety,
health and environmental affairs, explosive safety,
legal, publicaffairs, security, and fire protection.
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missile witha functional guidance system
inless than a year. This would produce a
300% decrease in development cycle time for this type
of product technology and design maturity.

Inthe course of its successful effort, RMSC demon-
strated its planto convert to anagile manufacturing
strategy by employing such practices as the General
Motors Powertrain Group's methodology and train-
ing, material flow through a certified supplier chain,
partsdelivery directly to the area of use, and supplier
process control. The company also displayed cost
credibility through the use of actual factory processes
(versus conventional prototyping shop) in building
three missiles and verifying producibility assump-
tions. Methods for achieving cost reduction, adriving
factor in the government's Request for Proposal, were
done through many methods such as using inexpen-
sive components {e.g., PEMs); simplifying mechani-
caldesigns; performing process designs for best com-
mercial practice/standards; and implementing a
flowdown of acquisition reform concepts to suppliers.

By using LAMOTT, RMSC demonstrated the ma-
turity of its technology and process methodologies in
its proposal for the AIM-9X missile. This technique
offers users the potential to gain detailed design and
manufacturing information much earlier than with
conventional methods, and provides an opportunity to
accelerate/reduce the Engineeringand Manufacturing
Developmentschedule. LAMOTT alsoprovidesearlier
credible cost proposal data and design-to-cost predic-
tions; helps early identification and mitigation; and
allows suppliers tobe involved in the design process.



R R L T S S T v

Manufacturing Simulation

RMSC hasbeeninvolved with manufacturing simu-
lation for more thantwelve years. During thelast two
years, the company has taken this computertool toa
new level by using a windows-based software called
ProModel. This tool visually animates a computer
model which helps users identify schedule risks,
facility allocations, and cost impacts associated with
making changes within their organization. ProModel
provides the best analysis of expected results by
animating the movement of forecasted/actual dataor
planned processes. Advanced planningof thesechanges
helps toensure a program'’s success prior tochanging
a complex manufacturing system. The tool can also
predict the outcome of a simulation throughout the
life of a program.

Customer satisfaction is the primary objective of
ProModel. RMSC used this manufacturing simula-
tion tool to start up the Navy's Rolling Airframe
Missile (RAM) Launcher International program. Asa
result, the RAM program was completed on cost and
two months ahead of schedule. Another start-up
involvedthe Army's Tube-launched, Optically-tracked,
Wire-guided (TOW) 2A retrofit program. Over the
two-year lifespan of TOW 2A, the company met all
schedule and cost goals.

RMSC continues to foster manufacturing simula-
tion within the company as well as throughout the
DOD community. Since implementing ProModel,
RMSC has been able to minimize tooling and facility
risks; ensure program schedules are met; and re-
spond to customers’ concerns and questions.

Methylenedianiline Composite
Replacement

As composite technology's popularity and accep-
tance in military applications increased, more re-
searchers began looking into the health and safety
factors of composite materials in regard to the
workforce. Methylenedianiline (MDA),a suspected
carcinogen, turned out to be one of the riskiest
materials. Previously used in four of its products,
RMSC has now eliminated MDA composite material
from its manufacturing processes. The use of MDA
hadrequired RMSC operators to wear personal pro-
tective clothing (e.g., Tyvek body suits, special gloves);
take showers duringbreaks, lunch, and at the end of
the day; and be subjected to routine medical tests.

Although no regulatory agency pushed for the
elimination of MDA, RMSC wanted to remove this

potential healthrisk fromits workers. Several alter-
native technologies were available on the open mar-
ket, but few provided the temperature and working
pressure data needed to consider them as MDA sub-
stitutes for missiles. Senior leadership at RMSC
directed the changeto take place anyway, but doubted
the possibility of savings. Teams were assembled to
investigate and test multiple composite products for
feasibility. Among the factors to be considered were
the unique characteristics of the Standard Missile's
dorsal finand the AMRAAM's spacer, absorber pad,
and harness cover.

The MDA replacement process took three years to
complete, and provided RMSC with several unex-
pected benefits. Among these were minimal modifica-
tions for tooling; a significantincrease in cycle times;
and the elimination of personal protective clothing,
showers, and routine medical tests. In addition, the
company realized an overall production savings in
excessof $200,000 annually. RMSC's approachtothe
MDA situation shows that benefits can be realized
through self-imposed changes prior to the involve-
ment of regulatory agencies.

Nitric Acid Recycling Program

Nitricacid is typically used in such processes as the
finishing of aluminum and stainless steel alloys; the
strippingof nickel fixtures; and the plating of copper,
tin, and lead. However, nitricacid is alsoareportable
chemical on the Superfund Amendments and Reau-
thorization Act, Title IIT under Section 313 regula-
tions, and is targeted for reduction or elimination. In
addition, the Air Force enacted a P2 initiative which
called for a 50% reduction in nitric acid usage.

To comply with these directives, RMSC established
a Nitric Acid Recycling program. The program's
scope called for the procurement and installation of
four purification units so that metallic contaminants
could be removed from nitric acid solutions allowing
indefinite reuse. RMSC investigated applicable tech-
nologies for recycling nitricacid, andidentified diffusion
dialysis and resin sorption as two possible methods.

Diffusion dialysis technology uses an anionic ex-
change membrane that contains positively-charged
groups on a polymer matrix surface. Anions (e.g.,
nitrates) can pass through the membrane, but most
metal cations cannot. This method allows nitricacid to
diffuse through the membraneintoafreshwaterstream
and returntothe processtank, while positively-charged
metal ions are blocked and remain in a low acid
concentration waste solution. The second technology,
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resin sorption technology, relies on sorption and
desorption. During the sorption step, nitricacid from
the workingsolution passes upward through a tightly
packedresinbed. Free acid is then sorbed by theresin,
while the metal salt solution passes through as waste.
During the desorptionstep, water passes downward
throughtheresinbed to desorb the free acid from the
resin, and move it back into the working solution.

RMSC chose the resin sorption technology (Figure
2-4) because this method was simpler, required fewer
pumps, and cost less to maintain. The four resin
sorption units cost approximately $20,000 each, and
haveapayback timeof two years. RMSC's Nitric Acid
Recycling program has been a good environmental
and business investment. The company can recover
95% of the acid used to process its components. By
recycling the spent nitric acid, the company also
significantly improved the process control, and re-
ducedlabor time, raw chemical purchases, hazardous
waste sludge, and waste treatment costs.

stat products include household sprays that remove
static from clothing or a computer monitor. After
experimenting with water-based, COTS, and other
anti-stat/paint materials, RMSC identified a COTS
static guard in combination with an epoxy Herberts
paint as being the most effective under a wide range
of requirements. The Standard Missile program's
dorsal fin, composed of graphite/bismaleimide, was
the first component to be painted by using this
process. All painted surfaces were then subjected to
military specification environmental tests (including
salt fog, fluid exposure, and flexibility), and passed.

RMSC's process for powder painting non-conduc-
tive, composite materials has reduced hazardous
exposures and wastes; streamlined process steps;
decreased cycle times; and produced cost savings.
Preliminary estimates based on several prototype
dorsal fins indicate a 60% cost savings with the
powder paint method compared to wet methods for
non-conductive surfaces.

Waste
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O

Acid X
Reservoir Reservoir

Filtration

Purified
Acid Qut

Pressurized Recharge Wells

Technology has improved since RMSC
implemented the Installation Restoration
program at AFP44. To obtain the best
performance out of its existing equipment,
the company developed several cutting-
edge cleanup practices for recharge wells.
Twosuchimprovements arere-engineer-
ing the well heads to inject pressure into
the wells, and removing some of the con-
trol mechanisms at AFP44,

RMSC'srecharge wells were originally

Figure2-4. Nitric Acid Recycling

Powder Painting of Non-Conductive,
Composite Materials

Powder paintingor coating needs tobe appliedtoa
conductive surface to be successful. Typically, the
statically-charged powder paint particles will be at-
tracted to and adhere to a grounded, metal part. The
part is then cured in an oven to form a permanent
paintlayer. Cure times must be shortenoughtocure
the paint layer without damaging it, but longenough
to allow volatile organic contaminants (VOCs) to
escape from the paint. RMSC has expanded this
technique by developing a way to apply powder paint
tonon-conductive, composite materials.

RMSC uses an anti-stat to create aconductivelayer
on a non-conductive surface. Commonly used anti-
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constructed withcomputer-actuated valves

which controlled the flow of water into the
wells. The computer received information on the
well'swater level via a pressure transducer, and then
opened or closed the valve to maintain the water level
at 15 feet below ground surface. However, various
situations caninterfere with this process. Since water
flows in under the force of gravity, acomputer or valve
malfunction can cause a well to overflow water onto
the ground. Awell canalsolose its recharge capacity
due to the clogging effects of calcium carbonate, so
everyyear, RMSC had toredevelop its wellsat a cost
of $1,800a piece. Prior to the injectionstep, the water
at AFP44 was pH-adjusted with sulfuric acid and
filtered through sand filters. RMSC theorized that the
calcium carbonate was precipitated inthe well asthe
water fell in the injection tubing. The precipitation
occurred because the water would be under vacuum
as it fell and carbon dioxide would be lost, thus




changing the carbonate balance. To counteract this
effect, the company converted the wells so they could
be injected under pressure. This process involved
redeveloping the wells one more time; removing the
level sensors and computer-controlled valves; sealing
the well heads; and adding air relief valves to the
casings. With these changes, the water is now deliv-
ered under pressure to the wells from computer-
controlled pumps at the treatment plant. Since con-
verting the wells in 1891, RMSC has not needed to
redevelop a single well, and has experienced only a
small drop in recharge capacity at each well.

The pumpand treat groundwater remediation sys-
tem at RMSC also uses pressurized recharge wells to
return treated groundwater to the aquifer along the
margins of the contaminant plume. The remediation
system is designed to treat groundwater contami-
nated with trichloroethylene (TCE) and 1,1-
dichloroethylene (DCE) which is pumped froma two-
square mile plume. The system operates at 3,000
gpm, and must reinject this water continuously into
tenrecharge wells. Most recharge wells are 180 to 200
feet in depth and have a water table at 90 to 120 feet
below the surface. The wells are gravel packed and
constructed with well screens that have openings of
0.08 to 0.125 inch. Injection pipes for the wells use
either a three- or four-inch diameter, and extend
below the water table. Water is injected into the wells
under pressure, with a maximum of 15 pounds per
square inch as measured at the well head. The wells
are equipped with air relief valves at the top of the
casings, allowingair toflow inand out of the top of the
well, but preventing water from flowing out. The
valve performs two functions: (1) lets air out when the
wellisturned on, allowing the waterlevel torise inthe
casing, and (2) lets air in which breaks the vacuum
when the well is turned off, allowing the water level
to fall in the casing.

These modifications have enabled RMSC to save
$1,800 perwell everyyear since 1991. By removingthe
computer-actuated valves and level sensors, the com-
pany eliminated surface spills, and simplified its main-
tenanceandoperation. RMSC's injection well modifica-
tions could produce similar benefits in other injection
well situations, if the water to be reinjected contains
enough calcium carbonate to cause precipitation prob-
lems, and ifthe water hasbeenfiltered and pH-adjusted
below 8.0. Under these conditions, pressurized re-
charge will maximize the sustained rechargerate into
awell and minimize the need for well redevelopment.

Procurement and Production Processes,
Tools, and Metrics

RMSC uses simple visual tools in its RAM MK 49
launcher and Phalanx Block 1 system integration
areas to schedule production, track procurement,
provide predictive metrics, and help management
control the overall system build. These tools provide
visibility tocritical processes that were not manage-
able previously. The former method involved retriev-
ing a very lengthy data report from Manufacturing
Resource Planning (MRP). Personnel spent hours
searching this cumbersome report to find critical
information such as purchase requisition release,
order placement, and partreceipt.

The RAM and Phalanx weapon systems are consid-
ered low volume, high part mix programs. Only one
totwo systems are produced per month, buteach has
a product mix of more than 10,000 parts, covering a
broad range of technologies. The work primarily
consists of assembly; system test and checkout; sub-
contractor oversight; fleet repair; spare part provi-
sioning; paint; and shipping. Part obsolescence, gaps
inthe production build schedules, and cost pressures
addtothe difficulty of keeping these systems' produc-
tion processes and parts delivery onschedule.

Thevisual tools consistof procurement, production,
and management tool reports that are easily gener-
ated from MRP each week. The procurement tool
report provides a checklist for IPT members, and lists
all information on purchase requests, purchase or-
ders, and receipt/need-to-completedates. The produc-
tion tool report also provides a checklist for IPT
members plus work cells from which priority tasking
canbe accomplished. The management tool report is
used in weekly team leader meetings. This report
displays all major items for weapons build, and
provides visual guides such as shading to reflect
completion dates; flags to show past due dates; and
color codes to indicate the responsible IPT. Metrics
are established throughout all the reporting tools,
enabling the company to determine asystem's status
and performance.

By using procurement, production, and manage-
ment tool reports, RMSC can effectively document
and manage the production and tracking challenges
of low volume, high part mix systems. Standard
processes enable the company to clearly convey per-
sonalroles of responsibility and rules of engagement.
Since implementing these visual tools, RMSC im-
provedsupplier performance and significantly reduced
shortages; established a stable production schedule
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that almost eliminated emergency shift changes;
achieved 24 months of on-time spares delivery; and
completed the RAM and Phalanx weapon systems two
months ahead of schedule.

Production Integrated Product Teams

Procurement quantity reductions resulted in a
decrease of support staff on RMSC's RAM and Pha-
lanx weapon system programs. Since both programs
involved very high part counts as well as complexand
hard-to-procure items, a change from the traditional
organization structure was required to manage the
programs. Thisrealization became apparentbetween
1993 and 1995 whenssignificant and continual manu-
facturingissues (e.g., cost overruns, missed comple-
tion schedules) caused customer satisfaction and
confidence toslip. The company overcame these chal-
lenges by applying an Integrated Product Team (IPT)
structure to the RAM and Phalanx programs.

January 1996 marked the start up of anew weapon
systems contract and the change of these programs'
organizational structure. RMSC established the IPT
structure by combining the RAM and Phalanx sup-
port staffs, and then subdividing the structure into
sevenIPTs. Five of these teams were responsible for
buying and building the products. They were char-
tered with cradle-to-grave stewardship for the prod-
ucts assigned to their team, such as design, proposal,
procurement, production, and post delivery support to
thecustomer. The tworemaining teams managed the
administrative processes by ensuring minimal hand-
offs across functions or teams, handling the manage-
rial duties of operating systems, and overseeing spare
partscontracting.

RMSC changed the organizational structures of its
RAM and Phalanx programs by breaking down their
functional units, getting the customer involved, and
setting up empowered IPTs with acommon goal. This
approach led to open and frank relationships with
customers, a quicker response time in addressing
problems and implementing solutions, and an ahead
of schedule delivery of finished products. Since estab-
lishing the IPT structure, RMSC reduced the RAM
and Phalanx programs’ cycle times by 50% and the
factory floor space requirements by 30%. Both pro-
grams can accomplish more work with fewer people
by using cross-functional teams with a set of visible
objectives. Employee morale has significantly im-
proved, and customer's confidence and satisfaction
havebeenrestored.
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Production Plan Review

RMSC'sIntegrated Process Architectureis designed
to leverage programs (via common processes) by
aligning enterprise goals; providing structured ap-
proaches for planning and executing programs; and
achieving continuous measurable improvement in
performance. One such process that meets these
objectives is the monthly Production Plan Review
(PPR) chaired by a program's master scheduler. Prior
practicesat RMSC did not produce the level of commu-
nications needed to address productionschedulesina
proactive manner, and avoided front-loaded schedules
thatoperated inapast-due environment.

PPR relies on cross-functional participation by
process owners, including procurement, program of-
fice, business office, production control, and master
scheduling. The process enables the company to
examine production-build plans and schedules in
detail, and review key enterprise metrics foravenues
of improvement. By using internal material audits
and controls, PPR ensures consistency across all
programs, and compliance with DOD's Material
Management Accounting Standards. Color-coded
scheduling performance metrics are used toestablish
guidelines for rescheduling: blueis onschedule; green
is four weeks or less behind; yellow is five to eight
weeks behind; and red is nine or more weeks behind.
Other key metrics reviewed by the company include
production schedule accuracy, months of on-hand
inventory, bill of material accuracy, total program
cycle time, and contract starts.

PPR is tailored after Oliver Wight's world-class
MRP approach, which was proventobe a keyenabler
for companies to achieve Class A, MRP II perfor-
mance. Since implementing PPR, RMSC has im-
proved on-time contract starts and contractual deliv-
eries; reduced inventory carrying costs and cycle
times; and produced realistic, trustworthy schedules.
In one case, PPR showed that a cycle time improve-
ment was not being achieved, so the company added
anadditional metric (pareto analysis of time required
to purchase long lead items) to identify the key
offenders and target them for special attention.

Synthetic Minor Approach to Title III
Clean Air Compliance

RMSC performed a cost-benefit analysis to deter-
mine whether the company should voluntarily limit
its hazardous air pollutant (HAP) emissions toavoid



costly regulatory requirements, or pursue arestric-
tive, less production-focused method available under
the major source status. The company opted for the
Synthetic Minor approach, and agreed to voluntarily
restrict its emissions below the threshold for the
major source status. This approach allows the com-
pany to avoid prescriptive and intrusive require-
mentsimposed under that category.

The company's incentive for pursuing the Syn-
theticMinor status for HAP was to avoid the National
Emission Standard for Hazardous Air Pollutants'’
(NESHAP's) requirements, and to reach the maxi-
mum achievable control technology legislated for the
aerospace industry. Theseregulations restrictafacil-
ity to amaximumof 25 tons of HAPs per year, which
narrowly qualified RMSC's facility. The additional
levels of compliance, capital costs for abatement
equipment, and elevated need for comprehensiverecord
keeping made the Synthetic Minor approach more
attractive to the company.

The NESHAP standard is unique because once a
facility commits to these requirements by choosing
the major source status, there is no opportunity to
alter that decision. This stringent regulationisbind-
ing regardless of whether the initial criteria used to
determine afacility's status are still applicable inthe
future. Inaddition, the NESHAP standard addresses
all sources of HAP emissions, regardless of whether
theyare productionrelated.

The Synthetic Minor approach enables RMSC to
validateits low levels of pollutants viareports to show
the facility's chemical usage and emissions. The
company also had to enhance its existing database
system via capital expenditures to specifically track
all HAP fuels and chemicals issued and stored at the
facility. However, the costs incurred through the
Synthetic Minor approach were much less thanifthe
company had chosen the major source status. Addi-
tional benefits include a near real-time snapshot of
HAP containing materials on-site, and a consistent
source of valuable information for prioritizing P2
opportunitiesandevaluating theeffectivenessofimple-
mented P2 projects.

Test Equipment Design

In 1996, RMSC created a development process for
automated test equipment (ATE) in accordance with
the company's IPD process, but tailored tomeet ATE
characteristics. This process provides a structured
approachfor ATE development. The user candesign
and fabricate the ATE within a short cycle time to

coincide with production requirements and best com-
mercial practices.

RMSC's ATE development process creates a vehicle
for fabricating low cost, standardized ATE through-
out the Corporate enterprise. Additionally, the pro-
cess has provided the groundwork for deploying Cor-
porate initiatives in a consistent manner over the
Intranet, complete with detailed, easy-to-follow, how-
to instructions for addressing various issues (e.g.,
design margins, testability, producibility, correla-
tion, fixturing/cabling). The ATE process also gives
RMSC an effective way of aligning the company's
goals to support the programs’ goals via metrics and
customer feedback.

Since implementing the ATE process, RMSC real-
ized a 30% savings inlabor and material expenditure
onselected programs, and projects a 10% savings on
future programs. Other benefits include supplemen-
tal gains in the areas of employee communications,
efficientdistribution of organizational data, and cor-
responding facilitation of the company's continuing
IS0O-9001 registration process.

Transition Toolkit for Restructure
Activities

After the Raytheon/Hughes merger in 1997, the
Raytheon Corporationdecided to consolidate and relo-
cate all of its missile functions to the Tucson facility.
RMSC wanted toensure that EH&S issues were being
addressed during these activities, so the company set
upaspecial EH&S transition taskforce for developing
guidelines. As a result, the taskforce developed a
unique transition toolkit, which was distributed to
the 13 relocating missile programs.

RMSC's proactive transitionapproach captured all
data needed for permit and production modification. A
comprehensive checklist was developed by the re-
structuring team for use by the product line points of
contact (POCs) who supported the transitioning pro-
grams. Specific concerns addressed by RMSC in-
cluded air quality permit revisions, explosive site
approval, and new/modified manufacturing processes.
Any deviationfrom RMSC's existing manufacturing
baseline (up or down) needed to be assessed for its
impact against existing permits.

Using a standardized approach, POCs communi-
cated all transitioning information (e.g., EH&S objec-
tivesand requirements, reasons for implementing the
toolkit) to their respective programs. Up-front, high-
level program information was required to forecast
potential EH&S impacts. Since the manufacturing
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activities of all the transitioning programs are collec-
tively viewed by the regulatory agencies as a single
source, all gathered data needed to be collected in
similar terms so the overall EH&S impact could be
assessed. RMSC'stoolkit provided the means toverify
that all pertinent data was collected.

Thetransition toolkit provided guidance and direc-
tion for the programs relocating to the RMSC facility.
Inaddition, the toolkit captured and collated datafor
RMSC which allowed the company to avoid long
permit revisions and transition schedule delays. Cur-
rent program baseline information and anticipated
deltas with respect to air emission, hazardous mate-
rials, and explosives were required from each
transitioning activity. The transition toolkit facili-
tated the roll-up of EH&S information from an ex-
tremely diverse group of manufacturing activities
while maximizing the limited resources available to
complete thetask.

Facilities

Acquisition Pollution Prevention
Initiative

Acquisition Pollution Prevention Initiative (AP2I)
is a joint DOD/contractor program used to reduce/
eliminate pollution from the life cycle of military
products.In 1997, the Under Secretary of Defense for
Acquisition Reform called for the reduction/elimina-
tion of hazardous materials from the design, manu-
facturing, and logistics areas. NESHAP required this
task to be completed by September 1998. RMSC
addressed this issue by using AP2I to establish the
Elimination of VOC Project and set up an IPT. This
team consisted of representatives from the Defense
Contract Management Command (DCMC), Army,
Air Force, Naval Sea Systems Command, Naval Air
Systems Command, and RMSC.

In the past, attempts to simplify product line pro-
cesses typically failed due to the wide range of indi-
vidual program variation and the multiple govern-
ment organizations involved in the decision. Each
program had its own test requirements, program
office, and technical agencies. Joint test protocols
appeared tobeasensible solution, but agreement was
difficult to reach. Through the AP2I project, the IPT
focused on identifying and validating alternative
materials, processes, and technologies to minimize/
eliminate the use of liquid paints. Between January
and April 1998, the IPT selected candidate processes,
proposed conditions and test parameters, defined
environmental variables, refined and investigated
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alternatives, clarified aconcept paper, identified mini-
mum test requirements, and developed the Joint Test
Protocol. Inaddition, they established a performance-
based requirement for coatings as afunction of envi-
ronment and usage. Proposed processes included no
paint, powder paint, decals, and appliques.

TheEliminationof VOC Project established coating
requirements as a function of usage and environ-
ment. Design guidelines help users select the most
effective coating system. A missile that is positioned
on an aircraft at sea will have a different coating
requirement than one sealed in a desiccated launch
tube. The proper coating is selected based on system
needs, which lowers system costs. New technology,
suchasdecals and appliques, provides cheaper coat-
ings and eliminates VOC emissions.

The AP2I methodology provides aflexible and fast
method for adjusting existing projects or developing
new ones. This approach assembles a technical team
of representatives from various disciplines who view
the problem based on system needs not historical
requirements. The objective is to determine maxi-
mum benefit at minimum cost. Key elements for
successfulimplementation of AP2I include creatinga
single point of contact team, focusing on minimum
test requirements, completing technical and business
plans in minimal time, and providing maximum P2
benefits at minimum cost. Since implementing the
Elimination of VOC Project, RMSC eliminated 4.3
tons of VOCs and reduced weight, cycle time, and cost.
Total development costs were $200,000. The Elimina-
tion of VOC Project was submitted by DCMC for an
annual APZ2l award.

Chemical Strategies Partnership

Raytheon Corporation launched a major effort to
reduce its operating costs through full/partiatl clo-
sures of 26 facilities and 16 offices. When complete,
this effort will result in a 20% decrease in facility
space, a 10% reduction in personnel, the creation of
Centers of Excellence, and aggressive measures for
reducing material costs. In this context, Raytheonset
up a Chemicals and Gases Technology Team to
handle cradle-to-grave management of production/
non-production chemicals, bulk/cylinder gases, and
chemical waste services across the corporation.

Since 1996, RMSC's manufacturing plantat AFP44
has been a partner in the Chemical Strategies Part-
nership (CSP), sponsored by the PEW Charitable
Trusts. The sponsor is geared toward identifying the
existing drivers of chemical usage, making these
drivers known to industry, and bringing tools/exper-



tisetothe partners. CSP's goals are toreduce the use
andrelease of chemicals; restructure the relationship
between partners and chemical suppliers; and foster
acorporate organizational commitment to integrate
cost-effective P2 intostrategic business objectives. By
pursuing these avenues, CSP strives to establish
EH&S as abusiness driver.

In the past, chemicals were viewed as a way to
produce quality products in a cost-competitive and
timely manner. Many businesses looked only at the
procurement aspect of chemical management, and
failed to see the associated costs which materialized
over the life cycle of the chemical. Today, the manu-
facturing sector isredefining how chemicals are sold
and used. Supply chain management now manages
chemicals throughout the commodity's entire life
cycle (e.g., procurement, inventory, internal delivery,
emergency response, handling, use reduction, moni-
toring, reporting, collection, disposal). By improving
the chemical managementsystemfor each partofthe
lifecycle, businesses canreduce costs, enhance produc-
tion quality and efficiency, and improve safety and
environmental protection. The CSP methodology (Fig-
ure 2-5) addresses these issues by incorporating pro-
cess-level material and cost accounting. The methodol-
ogy involves mapping the chemical process, reviewing
the production history, and calculating the material
outputasaccurately as possible. Next, chemical man-
agement costaccountingis developed todetermine the
actual costs for each chemical atevery stage as well as
identify how much chemical waste occurs at the

manufacturer'sfacility. If 35% of acompany'smaterial
iswasteand halfof this waste requires costly handling/
disposal efforts, then the manufacturer will be moti-
vated to reduce the consumption of that material.
RMSC performed materials and cost accounting at
its printed wiring board shop, and estimated its
savings at $400,000 annually. Currently, the com-
pany is working with its suppliers to develop incen-
tives and renegotiate contracts. RMSC plans tobench-

" mark best practices for chemical management; pub-

lish materials and cost accounting results; and dis-
tribute a how-to manual with sample supplier con-
tracts. Supplier involvement is critical because it
creates incentives to reduce chemical use; allows the
company to concentrate on its core business; and
focuses on function instead of products. Another
partner in CSP developed service contracts with its
suppliers. As aresult, this partner reduced procure-
ment and chemical management costs by 60%; de-
creased procurement time from 15 days to one;
achieved a 20% reduction in chemical purchasing
costs via consolidation; and regarded the chemical
management program as being instrumental in ob-
taining its ISO-14001 registration.

RMSC presented the CSP methodology tothe Chemi-
calsand Gases Technology Team. Asaresult, asingle
Tier Isupplier was chosentohandle the corporation'’s
chemical, gas, and waste services. Supplier compen-
sation is based solely on incentives. This approach
will enable Raytheon tobecome anindustrialleaderin
hazardous chemical use reduction.
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This ensures maximumsaturationofthe
GACs. Next, the primary vessel is re-
moved and the partially-saturated second-

Figure2-6. Dual Phase Extraction Concept

(Figure 2-6) involves evacuating air (vapor extrac-
tion) from the casing of a pumping groundwater
extraction well. The pumping lowers the water level
in the well and exposes solvent-contaminated soils to
the air. The vacuum also causes the solvents to
evaporate. As the air is sucked from the well, the
vapor is pulled out and captured within granular
activated carbons (GACs). RMSC's cost of adding
pumps to its existing extraction wells was approxi-
mately $15,000 per pump.

Inthe northwest section of RMSC's facility liesa 65-
acre shallow groundwater zone. Here, a 20- to 40-foot
layer of perching clay (reddish brown clay/sandy clay)
runs laterally at a depth of 75 to 80 feet below the
ground surface. This clay is overlain with sand and
clayey sand. The shallow groundwater occurs inand
above the perchingclay at depths of 55 to 98 feet. The
water levels in the shallow groundwater zone fluctu-
ateseasonally inresponse tosurface water recharge.
Theupper zone of the aquifer extends from 100 to 140
feetbelow the ground surface to a depth of 200 to 220
feet. This zone is underlain by a thick sequence of
clayey sediments (known as the Aquitard Unit),
which extends to a depth of 350 feet. Below the
Aquitard Unit, the sediments consist of thin lenses of
sand and gravel within predominantly clayey sand
andsandy clay. The reclamation well field consists of
21 upper zone extraction wells, four lower zone extrac-
tion wells, nine shallow groundwater zone extraction
wells, and 21 recharge wells.

Geologic conditions favor DPE at this site dueto the
existence of the clay bed at the top of the aquifer,
which traps non-aqueous phase liquids. The heavy/
clay soils also favor this method. Although TCE is
denser than water and relatively insoluble, the 20
parts per million solubility exceeds the drinking
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aryvesselismoved intothe primaryvessel's
position. A new carbon vessel is placed in
the secondary position and the process is repeated.
The spent primary carbon vessel is shipped off-site for
regeneration. The carbon supplier replaces the satu-
rated units with dry ones, freeing RMSC from the
liability of this material. Activated carbonis used in
roll-offs of 10,000 and 20,000 pounds. Atacostof $1.25
per pound, carbonis the bestalternative despite being
the highest, single-cost material for operations and
maintenance. RMSC experimented with various-sized
pumps and syntheticresin filters, and determined the
best arrangement consisted of two medium-sized
pumps with activated carbon to remove chlorinated
hydrocarbons. The company'’s success with DPE is
indicated by the foliowing sites' removalrates: 33,844
pounds (TCE) at Site 2/E-16; 3,308 pounds (TCE) at
Site2/E-20; 1,714 pounds (TCE, DCE, trichloroethane,
freon 113) at Site 3/E-19;4,724 pounds {TCE, DCE) at
Site 5/E-12;and 1,605 pounds (TCE, DCE) at Site 14/
shallow groundwater zone.

Extraction and Recharge Concept for
Remediation

The disposal practices of the 1950s created a con-
taminated groundwater plume in the northwest sec-
tion of RMSC's facility. The plume is located 500 feet
below the ground surface, and covers a 65-acre area.
Tocleanthis contaminated groundwater, RMSC uses
a pump-and-treat remediation system. In addition,
the company implemented arecharge field at this site
to contain the groundwater and stop its northward
migration (500 feet per year). The reclamation well
field consists of 21 upper zone extraction wells, four
lower zone extraction wells, nine shallow groundwa-
ter zone extraction wells, and 32 recharge wells.

The pump-and-treat remediation system worksin
conjunction with the recharge well field to re-inject
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groundwater back into the aquifer after contami-
nants are removed (Figure 2-7). This technology
significantly increased the remediation rate of the
groundwater in the aquifer beneath the plant. In
addition, RMSC reduced its expected completion time
for groundwater cleanup from 50 to 15 years, and
removed more than 20,000 pounds of contaminants
fromover 16.8 billion gallons of groundwater overan
11-year period.

Theextractionandrecharge concept for remediation
provides many advantages for RMSC. Among the
benefits are containment of the groundwater plume;
anincreased rate at which groundwater moves within
the aquifer toward the extraction wells; a flow rate
thatis not restricted by the use of groundwater after
itiscleaned; and a flushing effect within the subsur-
face which expedites contaminant removal whenever
the water table rises around the recharge wells. In
addition, the company effectively doubled the gradi-
entof water at the extraction wells by mounding the
water from recharge wells.

Household Hazardous Waste Collections
Pima County hasoperated ahousehold hazardous

waste (HHW) drop-off center since 1988, and won
various national awards for its recycling programs.
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The County's efforts include a HHW program which
provides waste collection and educational services,
and aDrop & Swap program that allows participants
to drop off unwanted chemicals and/or pick up free
supplies. RMSC has extended these programs to its
employeesby creating a partnership with Pima County
and the City of Tucson.

Through this partnership, RMSC holds a HHW
collections event, three times ayear, at itsfacility. On
these designated days, employees bring unwanted
hazardous chemicals from home for disposalat RMSC.
This approach reinforces proper HHW handling/
disposal practices at home, and provides a great
opportunity to team with County/City officials on
safety and environmental issues. During the first
year, the company collected 25,901 pounds of un-
wanted hazardous material (e.g., batteries, paint
products, used oil) from its employees’ homes and
garages. A questionnaire, circulated during the
company'sinitial events, confirmed that large quan-
tities of chemicals would have beenillegally dumped
into Arizona's deserts, ravines, and sewers without
this HHW program.

RMSC's HHW collections event attracts a high
percentage of participants every year. Employees
remark that the event helps them feel good about
recycling and gives them a source for obtaining
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environmental, health, and safety information. Par-
ticipants alsoreceive aninexpensive “I haverecycled
my hazardous waste today” label to proudly wear
throughout theday.

RMSC's HHW outreach program assists the com-
munity with envirenmental education by promoting
home safety and recycling practices. The company is
responsible for furnishing the collectionsite, publiciz-
ing the upcoming event, and providing environmen-
tally-trained employees to help the County HHW
workers safely collect the chemicals during the event.
Inreturn, Pima County and the City of Tucson pay
thecosts associated with collecting, packaging, trans-
porting, and disposing the collected materials.

Inventory Management and Parts
Presentation

Prior to 1996, RMSC used a traditional inventory
management system which relied on central stores
for all incoming material. Here, items were received,
unpacked, inventoried, stored along with other fac-
tory parts orders, and kitted on demand for a particu-
lar assembly/subassembly. Tomaintain efficiency in
these stores, kits were batch/lot-processed according
to weekly or monthly factory production require-
ments. Drawbacks to this system included inaccu-
rate inventory counts; inability to handle the quick
turnaround needs of agile manufacturing; higher
product costs caused by unnecessary handling; and
numerous delays when shipping the product.

InFebruary 1996, RMSC began using a point-of-use
inventory management system for its Phalanx and
RAM Launcher programs, which mirrors the IPT
concept used throughout the agile factory. The mate-
rial storage areas are placed adjacent to the produc-
tion floor, and color-coded to identify the correspond-
ing team and assemblies. Parts for the factory floor
can be pulled within hours, and replacement parts
can be issued within minutes. This approach pre-
vents work stoppages on the production floor, and
promoteskitting for one instead of weekly or monthly
production requirements. RMSC also instituted a
Supplier Managed Inventory program for line stock
(or common stock) materials. These materials are
delivered directly to the production floor on an as-
needed basis by the common stock supplier. Since
implementing these changes in its inventory man-
agement system, RMSC reduced total kit cycle time
from 14 daystolessthanone hour; decreased replace-
ment part cycle time from five/seven days toless than
one hour; increased inventory accuracy to 99%; and
minimized kit part shortages.
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Next, RMSC undertook a Parts Presentation pro-
gram to enhance the efficiency of its agile factory,
complement its inventory management system, and
further reduce cycle time and costs. A team of produc-
tion assemblers and support personnel studied how
material was delivered to the assembly floor, and
analyzed the line stock requirements for each cell. As
a result, custom-part bins were developed and in-
stalled at all workbenches in every cell. These bins
containonlytheline stock needed ata particular work
location. The team also recommended using kit sizes
of one to minimize work in progress (WIP) on the
production floor. RMSC designed a visual parts pre-
sentation vehicle (PPV) with part specific slots for
each and every line flow assembly. By glancing ata
PPV, the assembler can quickly determine which kit
items are missing.

Since implementing the Parts Presentation pro-
gram, RMSC significantly reduced WIP on the pro-
duction floor. In addition, the company reclaimed
approximately 25% of its productionfloor space; elimi-
nated production floor inventories; decreased average
assembly cycle time by 50%; and minimized the
misplacement of parts and hardware.

Multi-Missile Manufacturing Facilities

In 1995, RMSC operated its RAM and Maverick
missile programs as separate initiatives. Each pro-
gram used its own test and assembly personnel, test
equipment, and support tooling to produce afinished
product. However, projected reductions in program
budgets, quantity requirements, and workforce size
indicated that RMSC needed tochange its operational
methods if the company wanted to maintainits high
level of customer support. As a result, RMSC devel-
oped aplantoreduce costs and improve the efficiency
of its personnel, equipment, and facilities.

The plan called for developing two multi-missile
manufacturing facilities. One facility produces, as-
sembles, and tests the guidance and control sections
for the RAM, Maverick, and AIM-9X programs. The
other facility performs final assembly and delivers the
end products tothe customer. These joint, integrated,
multi-project facilities are especially beneficial to
small programs or ones with intermittent production
schedules. By combining the RAM, Maverick, and
AIM-9X programs, RMSC reduced factory floor space
by more than 17,500 square feet. Test equipment,
tooling, and fixtures are now maximized among the
programs. Personnel are also cross-trained, so they
canwork onany aspect of these programs as workloads
and priority requirements dictate.



RMSC saved approximately $1 million sinceimple-
menting its multi-missile manufacturing facilities.
This approach creates a multi-functional team struc-
ture; promotes the joint use of personnel, equipment,
and facilities; and provides greater cost benefits for all.

Remediation Control Room

RMSC's Tucson facility has been manufacturing
electronics since the 1950s. Like most manufacturers
at that time, the company used TCE to remove oils
from its circuit boards, and employed on-site land
disposal practices. Asaresult, the soil and groundwa-
ter underneath AFP44 became contaminated. In
1981, the Air Force and Hughes (now Raytheon)
began researching ways to clean these areas, and
initiated a small pilot program in 1985 to test their
proposed solution. The project's success led to the
constructionofasophisticated, large-scale treatment
plant in 1987. Today, RMSC features many
remediation methods and technologies to purify con-
taminated soil and groundwater at AFP44. The com-
pany also recharges aquifers with cleaned water,
releases cleaned air into the atmosphere, and destroys
VOCs at an off-site facility.

The Air Force funded the construction of AFP44,
and designated community outreach as animportant
aspect of the facility. AFP44's Remediation Control
Room provides visitors with a multitude of displays,
including a storyboard on the remediation process;
background information and benefits of the process;
and monitors extraction/recharge rates for pumpsin
operationat the wells. The Remediation Control Room
isregularly visited by middle and high school classes,
andis part of the environmental science curricula at
two universities and one community college. RMSC
tailored the Room tobe instructive and educational to
all visitors, regardless of their level of expertise. The
facility's architectural design, using open spaces and
glass viewing windows, provides visitors with easy
accessibility to the displays and encourages them to
interact with remediation technologies and applica-
tions. As a result, the community can see firsthand
the company's success at AFP44,

Adjacent to the Remediation Control Room is the
Environmental Laboratory, which provides analyti-
cal support for operating RMSC's groundwater
remediation project. Built in 1986, this 2,400-square
foot facility features a glass wall so visitors can
observe the Laboratory's activities. The Environmen-
tal Laboratory contains a wide array of organic/

inorganic analysis instrumentation including gas
chromatographs, mass spectrophotometers, atomic
absorption spectrophotometers, and inductively-
coupled plasma spectrophotometers. An Information
Management system allows the Laboratory to gather
and process data from these instruments as well as
log, track, and generate reports.

Inaddition, RMSC established quality control guide-
lines to ensure that all work performed at AFP44 is
analytically correct and acceptable toregulatory agen-
cies. Typical activities with quality control limits
include analysis of blanks, duplicates, spikes, surro-
gates, and certified reference samples at afrequency
of 10% of all samples run. Data quality is also
confirmed by splitting and sending 10% of the col-
lected samples toan independent certified laboratory,
and by the company's participation instate and EPA
Performance Evaluation programs. The Environ-
mental Laboratory successfully obtained licenses for
drinking water analysis from the Arizona Depart-
mentof Health Servicesin 1987, and for wastewater
and hazardous waste in 1992.

Stinger Training Room and Agile Factory

Recently, RMSC completed the innovative installa-
tion of a training process for the Stinger missile
assembly operations. This process ensures that as-
sembly and test personnel receive thelatest training,
and provides the company with a cadre of cross-
trained individuals who can performall of the opera-
tions for updating/building the subassemblies of the
Stinger missile.

AsRMSC incorporates newer versions of the Stinger
missile into its operations, numerous obsolete and
scrap subassemblies/parts are accumulated. Instead
of discarding these items, the company uses them to
build mockups of the missile's assembly stations for
training purposes. Each station also contains the
necessary tools, test equipment, and process instruc-
tions for that operation. The Stinger Training Room
simulates RMSC's Agile Manufacturing area, and
allows personnel tolearn or practice new techniques
and processes (e.g., assembly/disassembly, testing,
troubleshooting) on actual hardware. In addition,
employees are cross-trained in all functions of the
Stinger's assembly operations. With this training,
RMSC assures that the desired results of Agile Manu-
facturing initiatives will be realized.

Besides the technical training room, RMSC's Agile
Manufacturing area also utilizes new line flow bal-
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ance techniques; a self-contained supermarket for
required materials; a flexible floor layout and adap-
tiveinfrastructure; lean tooling; workplace organiza-
tion; and an effective shop floor control system. All
employees in the factory are fully trained in the
processes and theories of Agile Manufacturing. By
implementing Agile Manufacturing methods and ty-
ing this focus to the technical training rcom, RMSC
hasrealized significant savings in the Stinger missile
assembly operations. These successes, after only 13
months of implementation, include:

» Factory WIP reduced by 84%

* Pilot area WIP reduced by 87%

* Inventory turns improved by 255%

* Factory cycle time improved by 81%

* Pilot area cycle time improved by 89%

* Factory WIP to sales improved by 89%

* Factorydelinquenciesimproved by 69%

* Pilotareadelinquencies improved by 98%

Strategic Energy Management Plan

In 1985, RMSC initiated the Strategic Energy
Management Plan (SEMP) which greatly reduced
energy usage, minimized capital equipment invest-
ments, produced a savings of $15.6 million (as of
1996), and avoided 369 million pounds of air pollut-
ants that would have been generated at the power
plant. These significant savings were achieved
throughaseries of energy reductionstrategies includ-
ing occupancy sensors, fuel switching technology,
plate and frame heat exchangers, thermal energy
storage systems, variable frequency drive technology,
lighting retrofitting, peak shedding, and manage-
ment planning.

RMSC’s largest savings ($2.8 million) occurred in
1996 after partnering with an Energy Services Com-
pany (ESCo) that utilized Energy Saving Perfor-
mance Contracting (ESPC) methodology. Initially,
ESCoconducted anaudit at RMSC toanalyze energy
usage and how best to apply current technologies to
maximize the savings. After completing the audit,
ESCo proposed a five-year contract to RMSC that
would reduce cost by noless than $400,000 annually
without the need for large capital investment dollars.
This proposal also stipulated repair/replacement of
low efficiency apparatus throughout the plant, full
compliance with applicable regulations, and exten-
sive training for employees on how to maintain peak
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performance. The savings were guaranteed by ESCo,
and a check would be written to RMSC regardless of
how much money was realized though the imple-
mented energy saving strategies. Inreturnfor ESCo
assuming all therisks and substantial costs of capital
improvements, RMSC agreed to significantly share
the reward of cost savings with ESCo over the length

- of the contract. Once the contact is fulfilled, RMSC

will reap all the rewards and costs savings (currently
$2.6 million annually) through the lifespan of the
equipment. This win-win strategy allows RMSC to
accelerateits energy savings and equipment programs,
while proactively promoting good stewardship of its
capital investments and environmental resources.

One of RMSC's most successful energy saving
programs of SEMP is the thermal energy storage
tanks. The concept is simple. Cold water is generated
during off peak hours when electrical usage is low and
the cool ambient condition of the night exists. Large
volumes of chilled water are then stored for daytime
usage. Tobe successful, alarge water storage tank is
needed to house the chilled water until it can be
rapidly heated during the workday. The original
proposal called for a $2 million capital investment
with aneight-year payback period. However, the Air
Force considered this payback period to be too long.
RMSC engineersdid further research, and discovered
an existing 1.7-million gallon storage process tank
which they felt could be converted to store the chilled
water. After re-engineering the project, the engineers
realized that thetank could be used asis, and cut the
praject's investment cost down to $1 million. The Air
Forceapproved this proposal, and gave RMSC permis-
sion to proceed. The cost savings realized from this
single project alone will exceed $265,000 annually. Had
this project been implemented when first proposed in
the early 1990s, the company would have realized a
savings of more than $2 million by this time.

Energy savings strategies such as those of SEMP
are sound business decisions that make good sense
from cost and environmental standpoints. SEMP
promotes sound, proven, and demonstrable technolo-
gies that guarantee a tremendous return on invest-
ment. The cost of capital equipment dollars are
greatly reduced or eliminated. RMSC's decision to
partner with ESCoresulted in guaranteed savingsto
the company that would have otherwise been paid to
the utility company. SEMP saves dollars, reduces
negative environmental impact, provides a guaran-
teed return on investment, and promotes proactive
capital equipment investments.



Logistics
Advanced Modular Factory

RMSC received an award from the Air Force's
ManTech Project for the Advanced Modular Factory
(AMF). The primary objective was to develop lean
strategies for the AMRAAM program which would
reduce product lead times and eliminate critical path
waste. The project also focused on the relationship
between RMSC and its suppliers.

The AMF project began by analyzing AMRAAM's
product lead time drivers. As suspected, external
suppliers were the primary consumers of the critical
path. Data indicated that supplier lead times ac-
counted for 70% of the path, procurement consumed
20%, and internal factory cycle times used the re-
maining 10%. To reduce lead times, RMSC concen-
trated on strategies that would modify business prac-
tices and industrial processes. Business practices
included business strategy innovations and rapid
response procurement processes. Industrial processes
included kaizen workshops to eliminate waste, since
RMSC was the process owner for the entire supply
chain. Once the methodologies were chosen, RMSC
employed them on AMRAAM items which had the
longest supplier lead times, progressing successively
tothose with shorterrequirements as improvements
developed. Each item was analyzed, sometimes tothe
second-and third-level supplier, toidentify and priori-
tize potential corrective actions. In addition to sup-
plier and procurement solutions, the company con-
ducted workshops and leantraining at supplier sites,
and hosted supplier visits at RMSC. These strategies
enabled participants to gain awareness and under-
standing of the overall program activities.

Since implementing the AMF project, RMSC cre-
ated supplier agreements with efficient production
schedules, identified opportunities for parallel rather
thanserial production, eliminated artificially inflated
lead times, improved production processes by suppliers,
and achieved better raw material procurement times.
Inaddition, the companyissued direct strategicagree-
ments for raw materials and letter contracts for long
lead items. Initiallead times were decreased by about
20%, with an additional 25% reductionin productlead
times for the next AMRAAM lot. RMSC continues to
apply the AMF strategies to obtain even greater
reductions in lead times and critical path waste.

Management
Agile Improvement Process

RMSC began implementing its Agile Initiative in
1995 as a means to improve performance, and elimi-
nate waste in a rapidly growing and changing com-
pany. The company developed its approach through
benchmarking and by adapting proven conceptstofit
its culture. RMSC wanted to develop amanufacturing
system that was both lean and flexible, and based its
Agile Initiative on an adaptation of General Motor's
and Toyota's Competitive Manufacturing Principles.
The lean element is focused on eliminating waste
wherever it occurs. The agile element is focused on
creating a capability to quickly react to the changing
environment by becoming highly responsive to cus-
tomer needs; utilizing speed as a competitive advan-
tage; and reducing manufacturinglead times by 50%.

RMSC developedaseven-phasesystematicapproach
to improve quality, cost, responsiveness, and cus-
tomer satisfaction through the elimination of waste
and the total involvement of all employees. The seven
phasesof the agile processes are brokendown into 45
steps (or strategies) to implement the phases. In
addition, there are hundreds of substeps which pro-
vide detailed task-by-task descriptions of activities.
All of these components are tailored for implementa-
tion in each of the major manufacturing areas and
centers of the company. Since 1995, the process has
been implemented, or is in the process of being
implemented, in 15 factories within RMSC. Each
factory is committed to implementation, and began
the process with the assistance and guidance of the
company's agile planning team. The agile planning
team works with each factory to train and establish
a 15-member core team. The core team then estab-
lishes other teams within the factory, and conducts
training, benchmarking, strategic development and
planning, and other activities and processes needed to
implement agile and lean concepts inthefactory. This
approach is designed to lead to a complete cultural
change within a six- to twelve-month period.

Significant improvements have been made in all
factories through the implementation of the Agile
Initiative. RMSC believes that this approach was a
key enablerleading to the company winning the 1997
Arizona Gavernor's Award for Quality. Since 1995,
RMSC has made rapid strides in making the Agile
Initiative an integral part of the enterprise which is
embedded in every aspect of manufacturing. This
approach provided RMSC with the capability to thrive
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ina continuously and unpredictably changing envi-
ronment, aswell as the ability to operate profitably in
the company's many competitive markets. As imple-
mented at RMSC, the Agile Initiative offers a struc-
tured, sensible, easy-to-follow process with extensive
documentation and training. The process focuses on
fixing problems rather than working around them,
and encourages operator involvement. In addition,
this initiative produced major reductions in cycle
times, inventory, and WIP as well as standardized
processes and techniques. The Agile Initiative contin-
ues tobe asuccessful approach toeliminating waste-
ful practices while respondingeffectively to changing
business and customer requirements.

Blue Criteria

RMSC hastraditionally applied the commonly used
red-yellow-green color scheme to visually depict per-
formance criteria. Red indicates non-compliance or
highrisk; yellow indicates substantial compliance or
low risk; and green indicates full compliance with
established criteria.In 1997, RMSC added a new color
indicator, known as blue criteria, to the traditional
color scheme.

AtRMSC, blueindicates established performance
criteria that exceeds the acceptable industry or gov-
ernment standards. The following are typical ex-
amples of RMSC's criteria for key government-speci-
fied Material Management Accounting Standards:

Inventory Accuracy:
Red is less than 90%
Yellow is 90% to 94.9%
Green is 95% to 99%
Blueis 99.1% to 100%

On-Hand Inventory:
Redis 5.0 or greater
Yellowis 4.0t0 4.9
Greenis 2.5t03.9
Blueis 2.4 orless

RMSC implemented the blue criteria approach to
support its world-class business strategies. Under
acquisitionreforminitiatives, blue criteria providesa
means toidentify candidates for reducing government
oversight without addingrisk to the customer. Reduc-
tions in oversight translate directly to reduced man-
power and costs, and greatly simplify management
review. RMSCis anindustry leader in developing and
applying criteria that exceeds government standards
throughout its entire business operations structure.
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Career Enrichment Program

In 1987, the Career Enrichment Program (CEP)
was started as a partnership between RMSC and the
International Association of Machinists and Aero-
space Workers, Local 933. CEP operates asa pay-for-
knowledge plan which enables hourly employees to
obtain certifications for particular job units by com-
pleting prescribed courses. In addition, the program
addresses bargaining unit employee participation,
career development, compensation, and labor utiliza-
tion. Prior to CEP, there was little communication
between bargaining unit employees and manage-
ment, virtually nodefined hourly career paths, and no
formalized incentive system toenhance skills. These
factors, coupled with numerous job classifications
and arapidly changing contractual and technological
manufacturing environment, created tentative job
security for employees.

RMSC designed CEP toestablishaflexibleworkforce,
meet the changing contractingenvironment, and elimi-
nate the perception that bargaining unit employees
were underutilized. Thisemployee/management part-
nership encompasses many avenues including career
paths, pay for skills, workforce flexibility, job satisfac-
tion, contributions, marketability, commitment, and
employee empowerment for self-directed careers. The
program uses the Main CEP and five Family Commit-
tees (assembly, fabrication, maintenance, process, and
support job classifications). These committees design
classes and certification challenge tests; develop unit
descriptions; and utilize hourly employees as CEP
instructors and subject matter experts.

Since implementing CEP, RMSC enhanced its job
environment and significantly improved its labor
utilization and flexibility. Occupation categories were
dramatically reduced from 132 to 46. More than 400
salary tasks are now assigned to hourly employees,
which reduced task duplication and costs. Inaddition,
the number of certifications held by employees in-
creased, thereby elevating the employee skill level
and flexibility, and making them less vulnerable to
reductions in force. CEP's success is evidentand well
documented. Tothe program’s credit, its leaders and
participants recognized the need to address evolving
requirements; prepared their issues, concerns, and
recommendations; and are ready to move forward to
keep this successful program current and responsive
to present and future work environments.



Connecting to the Community

RMSC uses Connecting to the Community activi-
ties as aninnovative and effective way tointeract with
the surrounding community. Over the years, these
outreach activities have produced quantitative and
qualitative results, and helped establish goodwill
between the company and the community.

In 1994, RMSC initiated a Grant Application Pro-
cess to standardize the company's charitable giving
program. Two years later, the company created a
Contribution Committee, comprised of company man-
agement professionals and hourly employees. Since
their implementation, these activities have been ex-
panded and refined to meet the critical needs of the
surrounding community as well as typify the goals
and objectives of the company. This concentrated
effort, to strategically align company goals and com-
munity needs, has resulted in a 75% increase in
RMSC's approval rating.

Tobroaden its connection to the community, RMSC
began providing in-kind contributions and resources
throughleadership gifts. In 1997, the company began
the Quality Function Deployment (QFD) program as
a way for community groups to get together and
address critical community issues. This highly suc-
cessful program provides an alternative avenue for
diverse groups to interact and make systematic com-
munity changes. Inaddition, QFD helps RMSCinvolve
itself withkey community issues, and strengthensthe
company's standing in the community as a credibie
partner. Another aspect of RMSC's activities is its
community awareness partnerships, such as Support-
a-Park, Power of Community, and Christmas in April.
These projectsare just afew examples of RMSC'sefforts
to build goodwill, trust, and connectivity by teaming
with the community to help enhance the lives of youth,
thedisadvantaged, and theelderly.

RMSC's Connecting to the Community activities
promote synergies and understanding between the
company and the community, as well as between
employees and managers as they work side-by-side.
Each year, the number of volunteers and corporate
commitments continues to increase. RMSC's proac-
tive approach demonstrates its willingness to meet
and work with the surrounding community.

Electronic Commerce

Electronic Commerce is an efficient business sys-
tem that operates in anelectronic environment. The
systemestablishes electronic user relationships and
authorizations; promotes electronic data interchange
(EDI); uses security to protect proprietary data; em-

ploys modern search algorithms so products can be
built faster and better; and saves time and money by
reducing paperwork.

RMSC heavily invested in the development of an
extensive Electronic Commerce system. One of the
company's top requirements was that the system be
incompliance with the Contractor Integrated Techni-
cal Information Service (CITIS). Many government
programs are now requiring the use of CITIS onnew
programs. RMSC successfully met its CITIS require-
ment by implementing the Product Data Manage-
ment (PDM) system.

The PDM system handles the authentication, en-
cryption, and access to the Electronic Commerce
system. What is unique is that RMSC personnel
tailored this COTS product to suit the specificneeds
of the company, and then sent the code to the PDM
vendor who put it under configuration control and
released it as a new baseline. This achievement
enables RMSC touse astandard commercial product,
which is tailored to the company's needs and does not
need to be maintained by the company. The PDM
system is accessible via MAC, PC, and UNIX, and
allows users to access any data on the Electronic
Commerce system, provided they have authorization.
In this way, the company simultaneously has total
flexibility and control of the system.

Web-based EDI capabilities are another component
of the Electronic Commerce system. These capabili-
ties have overcome many of the high costs and
problems associated with earlier versions. Asaresult,
RMSCimproved inventory cycles; eliminated manual
steps; and reduced errors, delivery times, and costs
compared to similar paper-based systems. Security
was also amajor concern at RMSC since proprietary
data would be accessed from outside the firewall.
Typically, 128-bit PGP or SSL encryptionisused with
Netscape browsers to allow for smooth access to all
approved users. RMSC's Electronic Commerce sys-
temrelies on the tailored PDM system for encryption.
The PDM system has proventobe sosuccessful at the
Tucson facility that Raytheon has assigned the Tuc-
son group to implement PDM as a CITIS solution
throughout the corporation.

RMSC achieved a major milestone with one of its
missile programs. Using the Electronic Commerce
system, RMSC electronically submitted all of the
ESSM program's Contract Data Requirements List
(CDRL) items to the program office. This electronic
delivery was the first of its kind at RMSC. The
Electronic Commerce system's IPT structure and
sophisticated PDM tool set were integral to the suc-
cess of this electronic CDRL delivery.
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Electronic Expense Report

The Electronic Expense Report is an on-line travel
expense reporting system developed by RMSC for its
field engineers. Field engineers electronically fill out
their travel costs and labor charges on a daily basis.
The reporting system takes these entries, and auto-
matically calculates and distributes the expenses to
the applicable program's cost account number. The
process minimizes errors and reduces turnaround
time for processing travel claims.

More than 400 suppliers throughout the United
States provide parts and materials for RMSC's mis-
sile programs. The company uses 17 field engineers to
interact with these suppliers. Each field engineer is
required to submit weekly expense reports of their
travels, as well as operating supply costs for reim-
bursement and billing to the appropriate support
programs. In the past, field engineers manually made
entries and calculations on paper forms, and mailed
these to the Travel Office for processing. The Travel
Office would match the forms against the field engi-
neers'timecards tocalculate the proper distribution
of these charges to the corresponding programs. This
process was time consuming, error prone, and often
inconsistent with the distribution of charges, thus
increasing processing time and delaying reimburse-
ment to the field engineers.

In March 1998, RMSC replaced the paper forms
with the Electronic Expense Report, created via Excel
spreadsheets. Now, field engineers directly enter
their charge numbers and hours, as written on their
timecards, into the Electronic Expense Report. The
system calculates the amount of labor hours for the
week, and distributes the expenses to the applicable
program'’s costaccount number. These same percent-
ages are also used to automatically calculate and
distributethe field engineers' per diemexpenses. The
Electronic Expense Report looks similar to the paper
version, but now the calculations are done automati-
cally, uniformly, and in an easily accessible manner
for the Finance department.

. Thenew on-line forms are simpler, and enable the
field engineers to fill them out faster. The need to
calculate the distribution of expenses on anindividual
basis has been eliminated. The Finance department
now spends less hours per week correcting and reject-
ingexpense reports. Since implementing the on-line
system, RMSC eliminated printing costs and stream-
lined its auditing process. New versions or upgrades
of theelectronic report can be immediately and consis-
tently implemented by all field engineers. The new
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system'ssuccess has generated aninterest in expand-
ingthe Electronic Expense Report toother parts of the
company.

Enterprise Information Systems
Management

In 1997, RMSC developed and implemented the
Enterprise Information Systems Management (EISM)
concept. EISM is a formal process with supporting
infrastructure which maintains baseline configura-
tion and change control of the overall Information
Technology (IT) environment. This development grew
outoftherealization that IT is complex and critical to
theoverall business, and since IT touches all business
areas, decisions made by one service provider could
adversely affect a number of other organizations.
Accordingly, the EISM concept was adopted to estab-
lish a change control process within RMSC, as for-
mally documented in a change control planissued in
September 1997.

RMSC's EISM is a function within the IT Director-
ate which is responsible for the IT change control
process. The process begins when arequesting orga-
nization submits a change request {e.g., software or
equipment upgrade), along with its completed check-
lists for software procurement and change prepara-
tion. If the request only affects a single functional
organization, then it is evaluated by the change
review board (CRB) inthat organization. If theimpact
goes beyond a single functional organization, thenthe
Enterprise CRB evaluates the request. Upon ap-
proval, the IT provider implements the change, and
the EISM librarian records the updated documenta-
tion. RMSC uses the Product Data Management
system as the repository of all IT baseline documen-
tation and changes.

The EISM process is very similar to the Product
Configuration Control systems in place throughout
industry. What is unique is the application of proven
techniques from the product/engineering environ-
ment, and therealization that IT required this level
of management. EISM provides the safeguards and
controls necessary in an area with enterprise-wide
implications.

Five Panel Chart

The Five Panel Chart is a metrics tool used by
RMSC management to focus on factual and data-
drivenissues. This simple, standardized tool is flex-
ible enough to focus on a specific area requiring




management attention (e.g., process improvement
initiatives, goals, corrective action). As its name
implies, this one-page chart consists of five panels:
INITIATIVE
+ Establishagoal;

* Initiative(s) listed should addressthekeydriver(s)
inthe Leverage Section, and directly impact the
achievement of the goal.

LEVERAGE

* Describe the key driver(s) to the process which, if
fixed or improved, would be amajor contributor to
costreduction;

* Howdoes thisinitiative improve competitiveness,
customer satisfaction, and cost?

CUSTOMERINVOLVEMENT

 Identify key customer(s);

* Must get customer(s) input relative to the
initiative(s).

COMMENTS

+ Establishabenchmark by which theinitiative(s)
will be measured;

* Listwords whichare updated monthly toprovide
currentstatus, discuss accomplishments, address
changes, and propose/establish future challenges.

METRICCHART
* Use specific metric/chart;
* Must include an illustration of a goal line;

* Anenlargementofthe metricmaybeincludedon
asecond page;

* Below the visual/enlargement, include table of

raw data used to derive the metric.

RMSC developed the Five Panel Chart toprovidea
common process across the company for focusing
management attention on critical facts and data.
This toolis low tech and easy to understand, but very
powerful when applied consistently and uniformly
across the business. The chart focuses attention on
salient facts/data related to businessissues, suchas
customer satisfaction, competitiveness, and cost. The
specific metric/chart provides an effective visual dis-
play of status and progress. This practice has demon-
strated its adaptability to any organization within
RMSC, and provides a consistent tool for presenting
key business metrics. The Five Panel Chart has
established itself as one of the most effective tools,
used by management, to identify and illustrate the
state of the business.

Integrated Master Planning System

In 1994, RMSCimplemented the Integrated Master
Planning (IMP) system as a way of performing pro-
gram designand improving performance. Acquisition
reform and other changes within industry convinced
RMSC that the company needed to place emphasis on
developing programs, instead of products, to remain
competitive. Customers were buying products from
those companies which had the best plans for design,
manufacture, delivery, and support of their goodsand
services. A survey revealed that although customers
weresatisfied with thefinal productsfrom RMSC, most
were dissatisfied with the company's delivery record.

RMSC's IMP system provides potential customers
with an understanding of the company's program
plan for each product. The IMP system establishes
common program goals across teams, and common
metrics for all programs/business units within the
company. The system is an integral part of the
productdevelopmentand management toolsetatRMSC.
By using the IMP system, teams can develop effective
plans and bids for new contracts, and identify risks
early in the planning process. The system is also an
effective method for executing a contract upon award.

The IMP system enabled RMSC to increase cus-
tomer satisfaction and improve its contract win rate.
Whenever this system was submitted as part of a
proposal, the company won the contract. Having an
executable plan in place, upon contract award, has
also allowed RMSC todeliver products and serviceson
time. Asaresult, RMSC isrecapturingits customers'
trust and attracting new business.

Integrated Process Architecture

RMSC developed the Integrated Process Architec-
ture (IPA) as a framework for integrating its core
business processes. This unique, project manage-
ment tool improves communications and metrics,
and addresses advances from an enterprise perspec-
tive by fostering the segment-wide implementation of
initiatives {(e.g., IPD, six sigma quality, agility).

Prior to incorporating IPA, RMSC lacked a strate-
gic approach for implementing a process-centered
organization. Although stovepipeimprovements were
certainly occurring, they lacked the impact of a
cohesive, company-wide effort. Inlight of the flurry of
mergers and acquisitions, RMSC found itself witha
diverse set of legacy processes from Hughes Missile
Systems, Texas Instruments, and General Dynam-
ics. As RMSC attempted to merge its operations, it
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became clear that an integrated, strategic approach
tobusiness process improvements was not just desir-
able, butimperative.

The obvious benefits of IPA were the potential to
leverage multiple programs via common processes
aligned to enterprise level goals; the creation of a
structure within which individual process improve-
ments could be implemented; the provision ofastruc-
tured approach for planning and executing programs;
and the communication of overarching goals at every
level. IPA increases discipline in the planning cycle at
all program phases, and emphasizes metrics as a
meansof gauging, maturing, andimproving processes.

Atits core, RMSC's IPA flows from the company's
Vision 2000 statement as a necessary means to
achieve its goals. Giventhat those goals would require
sweeping changesinbusiness practices, a solid archi-
tecture was clearly a requisite for addressing the
people, equipment, facility, and technology issues as
they arose on anenterprise, vis-a-vis, stovepipe level.
IPA’s key elements are its relevance to all program
life cycle phases; consideration of business gates (e.g.,
supplier selection or design maturation): core busi-
ness processes (e.g., new business development, pro-
gram management, and product development); en-
abling processes (e.g., human resources, facilities);
andenterprise initiatives.

Theheart of the IPA is best viewed through decom-
position. The architecture is devolved to a series of
processes at increasingly lower levels, and finally
documented at the unit of operation level by an
activity sheet addressing individual process activi-
ties. Integrated as they are, the activities mustreflect
the overarchingenterprise goals. Moreover, the em-
ployees, customers, and suppliers can clearly under-
stand how their actions contribute to the overall
success of the enterprise. To facilitate this communi-
cationandimprove implementation, RMSC developed
anIntranet website, which provides access to IPA at
all levels including the activity sheet. RMSC's cur-
rent plans call for an 80% completion of IPA company-
wide by April 1999.

RMSC's IPA provides a comprehensive approach to
process management and continuous improvements
in a large, complex enterprise. This approach ad-
dressesall enterpriseactivities across thetotal lifecycle
inalogical and structured methodology, while foster-
ing communication and understanding among rel-
evantentities. With theadvent ofthe Intranet website,
theoverall IPA is housed, maintained, and configura-
tion-controlled inan interactive database with search
capability, thereby providing easy accessibility toall
employees.
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Integrated Product Development

In 1994, RMSCresponded to increased competition
and changing customer requirements by incorporat-
ing Integrated Product Development (IPD) as away
to produce higher quality products at lower costs, and
in less time. The company is using a whole-systems
approach to implement IPD on its existing and new
programs.

RMSChbeganlookingat IPD from four perspectives:
teams/people; processes; tools; and integrated disci-
plines. The whole-systems approach resulted in the
formation of multi-disciplined IPTs that focus onthe
product. Processes related to product development
were standardized and documented. Tools {(e.g., web-
based PDM system, IPT handbooks) were developed
tomake pertinent informationavailable tothe teams.
Theintegrated discipline approach allowed RMSC to
easily incorporate IPD into the company's organiza-
tional strategies and initiatives.

By focusing onthe four perspectives, RMSC incor-
porated significant changes which led to the success-
ful implementation of IPD in all programs. This
concept is fully supported by RMSC management,
who provides the necessary staffing and resources to
execute IPD. In addition, a core group within the
company provides ongoing training and guidance to
IPTsontheskills and conceptsrelated to IPD. RMSC
also modified the reward system to recognize and
encourage team participation. Through IPD, employ-
eesare given ownership of, and responsibility for, the
success of a program.

By implementing IPD, RMSC improved its manu-
facturing processes and began creating robust de-
signs. This approach allows employees toacquire the
skills and knowledge to effectively manage costs,
schedules, and risks. Customers and suppliers can
monitor the progress of a program as well as work
with RMSC personnel to efficiently resolve problems.
IPD hasimproved internal and external communica-
tionsat RMSC, and provided a positive impacton the
company's ability to win new contracts.

International Integrated Product Teams

RMSC's ESSM program must satisfy the require-
ments ofa 13-country North Atlantic Treaty Organi-
zation (NATO) consortium. To accomplish this task,
the company formed an International Integrated
Product Team (IPT) to manage the overall develop-
mentof this missile program. The International IPT
consists of 21 companies in 10 countries which share
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the design and production responsibilities for the
ESSM program. Several secondary IPTs have also
beenformed to manage the development and produc-
tion of the missile's individual sections. To establish
aflow of hardware between IPT members, the Inter-
national IPT setup importing/exporting licenses and
developed transportation plans.

Two major enablers of the International IPT are
electronic communications and risk management
tools. All relevant information {e.g., technical data,
presentations) is stored in an electronic database
developed by RMSC. RMSC personnel as well as IPT
member companies, customers, and suppliers can
access this information via a website. By employing
electronic communications, the International IPT
can use a single technical data package, and keep
everyone informed of any changes and progress.
RMSC's risk management tools, also accessible via
website, allow the International IPT to identify and
quantify risks early in the development process. As
risksare identified, the priorities for aprogramcanbe
identified, and the secondary IPTs can be tasked to
eliminate or reduce the risk. Since few risks are
associated with a single product, the risk manage-
ment process alsofacilitates open communicationand
trust among the IPT members.

RMSC'suseofan International IPT fosters technol-
ogy transfer among the IPT members, and increases
theindustrial base of the participating countries. The
costs associated with the development and procure-
mentof new products and systems are shared among
the participants. By using an International IPT, all
participating companies/countries are able tofield the
ESSM program. Due to fiscal constraints, no single
company/country could accomplish this task alone.
The Navy hasrecognized RMSC's International IPT
for the ESSM program as a model for other interna-
tional cooperative ventures.

Intranet Website

RMSC developed an Intranet website to promote
and manage its Test Equipment Design Centers'
(TEDCs') activities. This website addresses many
aspects of TEDC activities, including the centers'role
inIPD processes; customer awareness and feedback;
organization charts;anddesignstandards. TheIntranet
website allows RMSC employees to easily access any
information needed to conduct a TEDC task.

A unique feature of this Intranet website is its
automated Document Control system. Most down-
falls of programs are caused by poor document con-
trol. By utilizing web technology, the Document

Control system provides the user with the latest test
procedures and drawings on all Special Test Equip-
ment projects. This feature reduces/eliminates the
need to keep extra copies of drawings in different
areas. Multiple copies often can lead to confusion,
resulting in equipment being built to outdated con-
figurations. The Document Control system contains
testequipmentdevelopment processesandtools; COTS
standards; fabrication instructions and drawings;
hardware and software design reuse libraries; tai-
lored processes owned by other disciplines; and more
than 65 test instructions.

Another noteworthy aspect of RMSC's web technol-
ogy isitsintegration into the workforce environment.
Likeother companies' internal web systems, RMSC's
Intranet website provides the latest news, features,
and announcements. However, the similarity stops
there. Operated as a mini world wide web system, this
daily-used tool provides employees with numerous
capabilities including collecting and verifying infor-
mation; controlling documents; achieving lean and
agile goals; solving problems; collaborating with co-
workers; recruiting teams; and preparing for visitors.
As a result, RMSC's Intranet website strengthens
and promotes communications, collaboration, and
integrationintothe corporate structure and culture.

Since implementing its Intranet website, RMSC
estimates a 30% reduction in labor and development
cycle times. In addition, future savings across all
projects are projected in excess of 10%.

Joint Arizona Consortium -
Manufacturing and Engineering
Education for Tomorrow

Inpartnership with universities and industries in
Arizona, RMSC set up a program that provides post-
graduate level education for engineers, and involves
new approaches to updating the manufacturing/engi-
neering workforce. Since conventional graduate/un-
dergraduate curriculum programs fall short of meet-
ing advanced-level manufacturing/engineering edu-
cational needs, the consortium established its own
innovative training program. Members of the consor-
tium include Arizona State University, Northern
Arizona University, University of Arizona, Allied
Signal, Boeing, IBM, Motorola, and RMSC.

Known as the Joint Arizona Consortium- Manufac-
turing and Engineering Education for Tomorrow
(JACME?T), this program provides anexcellent model
for collaboration between industry and universities,
and offers career-long, professionallearningfor gradu-
ate engineers and technical professionals whowork in
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manufacturingand productdevelopment. JACME?T's
courses use innovative and pertinent methods of
delivery, making them affordable and accessible. In
addition, the program encourages participants to
take charge of their own ongoingeducation. Industry
engineers are directly invelved in curriculum devel-
opment as well as program instruction. Some of
JACME?T's courses are designed to prepare practic-
ingengineersforcareer redirection, caused by defense
conversion and corporate downsizing.

JACMEZ?T uses a novel, educational design ap-
proach to develop a set of curricular modules, which
focus on the educational needs of industry and have
sufficient academiccharactertoearngraduate credit,
if desired. A module consists of a set of related,
educational experiences that may include graduate
courses. Individuals who complete modules are
awarded certificates that can be applied toward gradu-
ate degrees or can stand alone as recognition of
significant educational achievement. The modules
areorganized around particular industry-drivenneeds
forspecialized, advancedtraining in specific technical
areas. Typical courses include JMP Fundamentals;
Strategic Product Development; Integrated Product
and Process Development (IPPD) Project Manage-
ment; Object Oriented Analysis; C++Language Fun-
damentals; and Rapid Prototyping.

The consortium's organizational structure and
methods of operation are designed to bridge the cul-
tures of the academic and industrial communities. A
policy board, comprised of executives fromeach of the
participating companies and the deans of the univer-
sities, directs the organization. Anindustry technical
advisory board helps define the training needs and
delivery approaches. Industry and academic mem-
bers work together to develop marketing strategies
and delivery systems, and to form learning and
competency teams. Currently, therearesevenlearning
and competency teams: Design; Environmental; IPPD;
Manufacturing Processes; Software; Instrumentation
and Testing; and Continuous Improvement.

Major accomplishments of the JACME?T consor-
tium include shared courses with Arizona State Uni-
versity and University of Arizona, astatewide Master
of Science program, one-credit modules, certificate
programs, and the delivery of courses/programs over
the Internet. To date, 116 courses have been offered,
and nearly 2,000 students have participated. This
programis atrue collaborative partnership between
industry and academia, which canserve as a nation-
widemodel. Methods are being developed toextend the
impactof JACMEZ?T nationally, throughvariouselec-
tronic networks, companies, and organizations, as
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well as an outreach effort for small- and medium-sized
businesses.

Knowledge Center Southwest

The Knowledge Center Southwest (KCSW) is a
unique, one-stop resource designed to providea collec-
tion of powerful knowledge-based tools that aid em-
ployees and teams in their quest to achieve total
customer satisfaction. Many of RMSC's top processes
areoutgrowthsofthisresource, and represent keys to
future performance at the Tucson facility.

RMSC developed KCSW as a way to improve cross-
functional team integration and communication.
Based on General Motor's Knowledge Center, KCSW
was tailored to the missile systems developmentand
manufacturing industry. At the core of KCSW are
four tenets of operation, which represent the founda-
tion for successfully deploying improvement toolsand
processes. These tenetsare:

« Structured Methodology — Anorganized, proven

approach to systems development that can be
applied toall productlines.

« Common Tools and Processes — Core tools which
provide acommon framework for benchmarking
and evaluating performance.

+ Agile Creative Environment — A flexible
environment that provides the atmosphere,
resources, and information needed to maximize
innovation and creativity.

* RapidLearning-— A repeatable cycle for obtaining
feedback, making improvements, and creatinga
consistent, successful process.

Asamulti-functional center, KCSW supports team-
ing facilities; provides product and hardware dis-
plays; maintains a tool and process library; features
workshops (e.g., six sigma, QFD, design to cost);
offersjob-in-linetraining; and operatesas the JACME?T
office. One of KCSW's most significant capabilities is
process tailoring. Here, KCSW provides a system for
tailoring enterprise-common processes for specific
programand product applications, suchas integrated
process architecture, new business capture, product
development, and program management.

RMSC relied on KCSW models during the proposal
phase for its AIM-9X program. In this situation, the
agile initiative helped move inventory turns fromfive
to 14, while the six sigma initiative reduced defects by
approximately 50%. By providing the proper environ-
ment and resources to foster agile designs and manu-
facturing processes, KCSWplaysanimportantrolein
RMSC's quest to achieve total customer satisfaction.




Leadership Structure

Inthe past, RMSC (formerly Hughes) was managed
by a stovepipe structure which typically focused on
major programs or products. However, this approach
did not promote communication between programs,
and often prevented savings from being gained via
common processes and shared support services. Prior
to the Raytheon/Hughes merger in 1997, the com-
panyimplemented aninnovativeorganizational struc-
ture that provided an effective way to manage 9,000
employees, three million square feet of facilities, and
more than a dozen product lines. This structure suc-
cessfully carried the company through themerger, and
has led the ensuing changes and improvements that
the company has experienced in the past two years.

kets, product deliveries, and field reports. Weekly
council meetings provide a forum to share informa-
tion and determine actions among productline lead-
ers. Actions assigned at the council meetings are
flowed down to the responsible organizations within
the company.

RMSC's leadership structure provided the frame-
work for the rapid integration of cultures and busi-
nesses during the merger period, while successfully
implementing major improvement initiatives. The
council structurefacilitates communication, and en-
sures that the enterprise can leverage off best prac-
tices originated in all areas. This management struc-
ture enables RMSC to implement integrated process
architecture; leverage procurement through purchases
shared across programs and business units; and

/- . President
Strategic Planning
.. Customer Contact

Council
President's
Council

Strategic
Deployment

Operations Il Program

Council

share lessons learned toimprove
productivity and profits. The Coun-
cil management structure also
minimizes the stovepipe ideology,
and eliminates waste associated
withrunning separate businesses
within a single, large company.

Lean Aerospace Initiative

The Lean Aerospace Initiative
(LAI) was developed in 1993 to
enhance the implementation of
leanmanufacturing practices and
principles into the defense and
aerospace industries. This con-
sortium is sponsored by the Air

Figure2-8. Leadership Team

Figure 2-8 shows how the RMSC leadership teamis
structured. The president's primary roleis tooversee
strategic planning for the enterprise, and be the
primary focal point for customer contact. The leader-
ship teamis divided into two councils: the Operations
Council and the Program Council. These councils are
strategically focused and share the responsibility to
guide RMSC, under the direction of the president,
toward its vision and goals. The Operations Council
focuses on internal customers, guides the support
processes, and is responsible for overseeing improve-
ment initiatives (e.g., Vision 2000 implementation
teams, six sigma, ISO-9000, agile enterprise initia-
tive, people development). Other responsibilities in-
clude employee training, facilities improvements,
and computer infrastructure. The Program Council
focuses on external customers by monitoring cus-
tomer relations, business opportunities, global mar-

Force and administered by the
Massachusetts Institute of Tech-
nology with 18 member companies. LAI's mission is
todefine roadmaps for fundamental changebased on
lean practices. RMSC (formerly Hughes) has sup-
ported LAI since its inception, and been one of the
principal developers and implementers of lean pro-
cessesand methods.

The LAl consortiumdeveloped the LeanEnterprise
Model (LEM) which characterizes the practices and
principles necessary for alean enterprise. LAl uses
four task groups which focus on factory operations;
productdevelopment; supplier relations; and policy and
external environment. The consortium alsofacilitates
benchmarking with member companies, and encour-
agesenterprise-widesystematicchange. LAI'svisionis
to significantly reduce the cost and cycle time for
militaryaerospace products throughout the valuechain,
while continuing toimprove product performance.
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Theimplementation of the overarching principles
and supporting practices of the lean manufacturing
concept provides a well-documented database of proven
lean practices that enhance the elimination of waste
from enterprise operations. The result is products
with higher quality, lower costs, and improved sched-
ules. RMSC adopted all of the overarching lean prin-
ciples, and enacted programs and practices which
implemented lean operations in all its factories and
centers of business. Since 1996, RMSC has been
testing the LEM as new versions are released. The
company is using the lean philosophies and guiding
principles, and obtaining the results described inthe
LEM datasheets and metrics. RMSC is changingits
culture to makelean principles anintegral part of its
day-to-daybusiness and, in the process, is improving
customer satisfaction, cost, and quality. Figure 2-9
depictstherelationshipbetweenthe LEMand RMSC's
strategies.

and the enterprise. LAI operates as a source for
benchmarking with other aerospace firms and as a
method for verifying lean practices and metrics. By
using this approach tounderstand andleveragelean
practices and to implement those practices into the
enterprise, RMSC eliminated significant waste from
its enterprise processes. A consortia approach also
providesadirect understanding of amajor customer's
(e.g., AirForce) expectations.

Manufacturing Methods Plan

Inthepast, MIL-STD-1528A required companies to
develop documentation which illustrated their pro-
ductioncapabilities to customers. Like others, RMSC
invested significant time and resources to meet this
requirement. The company averaged 20 months to
develop an initial plan, and an additional 200 hours
peryearforupdates. Because
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Lean Enterprise 7y &/ /S 5 manufacturing, most of the infor-
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Figure2-9. Lean Enterprise Model Comparison to Major

RMSC Strategies

Participationinthe LAl consortiumhasbeenawin-
winsituation for all members. The consortium lever-
ages knowledge development and application inless
time and for less cost, as well as broadens the under-
standing of lean opportunities across the value chain

48

tated the plan's use throughout the com-
pany by making it easily accessible via
RMSC'snetwork.

Since 1996, the Manufacturing Methods plan has
beenincluded inevery renewal contractat RMSC. As
a result, the company reduced its production readi-
ness documentation from hundreds of pages per pro-
gram to astandardized 35-page document applicable



to all programs. The company also achieved more
than $300,000 in cost savings on current contracts,
and anticipates continual savings of over $100,000
annually. The Manufacturing Methods plan hasbeen
accepted by most production programs within RMSC,
andis credited with providing internal and external
customers with a better understanding of RMSC's
production processes.

President’s Communication Forum

Communicationwithin anorganizationis anessen-
tial element of any business. However, this task can
bedifficultin today's world of mergers and consolida-
tions where employees from different companies and
cultures are brought together. Employees need con-
stant reinforcement and feedback from the top down
onthestatusofthe company's goals, and on their role
within the company's structure. Prompt and effective
internal communication enables the company tokeep
its workforce informed, and allows the employee to
truly engage in the business and success of the
company. In January 1996, RMSC developed the
President's Communication Forum as a vehicle for
doing this.

ThePresident's Communication Forumworksasa
top down and a bottom up communication process.
Thepresident conducts comprehensive quarterlybrief-
ings to all managers and supervisors who, in turn,
cascade the information to their employees by using
copies of the presentation material along withavideo
tape of the president. This approach ensures the
accuracy and promptness of the information. At the
secondary briefings, employees discuss the informa-
tionand provide feedback up the chain of communica-
tion. RMSC also conducts surveys to verify that the
employees are receiving the informationand tosolicit
ideas for improving the process.

ThePresident's Communication Forumisaunique
and effective way to communicate within the organi-
zation. The forum provides an in-depth account of
progress, issues, and metrics at RMSC including
organizational changesof the company, marketshares
and forecast, customer satisfaction, competitiveness,
factory performance, quality, people development,
union and management partnerships, and financial
performance. By being informed through this vehicle,
employees and groups can adjust their activities to
meet current challenges. The President's Communi-
cation Forum reinforces the company's values and
mission of Vision 2000, and is a key tool for RMSC in
building a corporate culture and a common focus.

Process Improvement Program

RMSC established the Process Improvement Pro-
gram (PIP) as a way to work with its suppliers to
improve their quality, service, and price. PIP oper-
ates as a three-day training workshop which is held
at the supplier's facility. At these workshops, cross-
functional supplier/customer teams examine a cur-
rent process; identify waste and non-value added
activities; and develop plans to implement improve-
ments. A follow-on review is also conducted 90 days
after the workshopis completed. This review verifies
that the team completed the action items and imple-
mented the planned improvements.

The primary goals of the workshop are knowledge
transfer; redefining an existing process; utilizing the
expertise of team members; implementing process
improvement changes; identifying future areas for
process improvement; and demonstrating the magni-
tude of improvement potential. PIP canbe applied to
any area that uses repetitive, sequential processes
such as in manufacturing, shipping and receiving,
shop order processing, and administrative tasks.
Leanmanufacturingprinciples are thenused tostream-
line and improvetheprocessunder consideration. PIP's
key factors tosuccess include total commitment by top
management; empowerment of the workshop team;
workshop team composition; workshop preparations;
and appointment ofasupplier champion whoisrespon-
sible forimplementing the improvements.

To date, RMSC has conducted more than 150
workshops in the last 24 months. The company has
received many letters of thanks from the suppliers
that participated in the workshops. PIP is also en-
dorsed and promoted by the chairmanof the company.
Since implementing PIP, RMSC reduced inventory
by 50%, lead time by 49%, square footage by 28%, and
distance traveled by 59%. The company alsoimproved
productivity by 40%.

Product Data Management/Product
Information Management System

RMSC set up the Product Data Management/Prod-
uct Information Management (PDM/PIM) systemas
a direct consequence of IPD methodologies. The
company's recent mergers with Hughes, E-Systems,
and Texas Instruments underscored the necessity to
share data across multiple sites and to eliminate
duplicated efforts. RMSC used an IPT to address
specific concerns with the former data management
system. Reasons toimplement anew system included
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increased complexity of products; communicationamong
diverse organizations; teaming and partnering over
great distances; and integration of legacy systemdata.

The PDM/PIM system is a powerful tool for stream-
lining product development by managing data per-
taining todesign, development, configuration, change
notification, and support functions. The system is
based on Sherpa's Integrator software, and supports
data input from various commercial software pack-
ages (e.g., Pro/Engineer, CATIA). Users can access
the PDM/PIM system via a Wide Area Network
withinRMSC.

Since implementing the PDM/PIM system, RMSC
reduced product development time and cost; facili-
tated IPD teaming; established on-line dataretrieval;
increased internal and external communications;
improved schedule and cycle time tracking; docu-
mented standards for ISO-9000; and shifted the focus
from managing paper to managing data. The com-
pany also reduced cycle times for engineering changes
by 21%, manpower for data management by 30%,
floor space for data management by 63%, and capital
equipment costs by $15,000. By scanning the legacy
system data into the PDM/PIM system, RMSC saved
$5 million in 1997, and estimates a savings of $28
millionannually.

Raytheon Missile Systems Company
University

The Raytheon Missile Systems Company Univer-
sity is a virtual learning institution designed to
provide high quality, agile training for Raytheon
employees. The University is committed to the educa-
tional development of the workforce; seeks to involve
RMSC's business units/functional organizations in
allaspects of thelearning process; and models itselfon
themission, values, and culture of the overall organi-
zation as expressed in Vision 2000.

The Raytheon Missile Systems Company Univer-
sity provides everything that employees need to ac-
cess and effectively use its resources (e.g., library,
catalogues, procedures, forms) from their desk tops.
The Universityis structured like a training delivery
network, and uses Process Owner Councils consist-
ing of individuals from all functional areas of the
organization. The Process Owner Councilsdesign the
content and instructional methods for the courses
required by and relevant to their particular func-
tional areas. Tobroaden its ability to meet customer
needs, RMSC also established educational partner-
ships with numerous colleges and universities (e.g.,
Pima Community College, University of Arizona,
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University of Southern California, Arizona State
University, Northern Arizona University). These
partnerships enable the Raytheon Missile Systems
Company University to expand its ability to deliver
high quality, need-driven education.

Past educational efforts generally presented courses
and training in a predominantly rigid, tightly con-
trolled environment, which often had little direct
relationship to or input from its customer base (the
functional areas within the Raytheon organization).
Under the new paradigm, the virtual university
draws the requirements, content, governance, stew-
ardship, and instructors from the functional areas for
which the courses are designed and funded.

In addition to exceeding ISO-9000, the Raytheon
Missile Systems Company University documented
impressive indicators of its success. Metrics for 1997
include:

* 269,619 hours in total training, excluding
independent learning greater than 13 hours per
employee

+ 36 hours of training per employee, on average

» $457,000saved based ondonated time

« $1,000investedinlearning per employee

+ $8 million in total cost for training

* $29.60 per hour for training

The Raytheon Missile Systems Company Univer-
sity is a dynamic, cost effective, agile tool that is
helping RMSC and its employees meet corporate and
individual educational needs.

Risk Management Process

RMSC established theRisk Management processas
aproactive method to predict potential problems and
risks, and effectively mitigate the risks by controlling
the process, developing strategies, and addressing
issues early ina program. This processenables RMSC
to develop and deliver systems that meet customer
requirements on schedule and within budget. Risk
management is now a part of the monthly metrics
required for all programs per RMSC's IPA. In the
past, RMSC used areactive method, whichoftenled
to crisis management and insufficient time to imple-
ment the optimum solution.

Risk management begins with a basic process
which is tailored to a specific program. The process
relies on customer needs, lessons learned, expert
opinions, and existing management guidelines to
develop aspecific risk management plan that retains
theessential principles of the standard process. Risks
are then identified, analyzed, and prioritized using



various tools to address the differing aspects (e.g., cost
and schedule simulations, process analysis, predic-
tive identification), RMSC's main tool is Risk Man-
ager (based on Filemaker Prowith Risk Register and
Risk Matrix components) for planning, ranking, and
controlling risk. This tool is used to encompass all the
risks and criteria found with other commercial and
government off-the-shelf risk tools. Prioritization is
achieved by determining the probability and conse-
quence of occurrence inorder tocalculate arisk factor
for every identified risk.

Once RMSC prioritizes the program risks, risk
reduction begins. The company develops mitigation
planstoreduce therisk areas, which are tracked and
reported weekly in IPTs and other program events.
Risk Manager canoutput aseries of differing reports,
including a one-page summary graphic that shows
probability of occurrence versus severity of occur-
rence, and plots the top tenrisks as high, mediumand
low. The Risk Management process continues through-
out the life cycle of the program, with ongoing man-
agement of risks and identification of new risks being
done at each stage of development.

At the start of the ESSM program, RMSC had
erroneously estimated that an additional $45 million
infunding would be necessary tocomplete the project.
However, after implementing the Risk Management
process and having the customer prioritize the re-
quirements, RMSC was able to fulfill the ESSM
program without additional funding. Since imple-
menting the Risk Management process, RMSC sig-
nificantly improved customer satisfaction as reflected
in its 85% or higher (outstanding level) award fee
rating across all programs. The Navy has also re-
quested RMSC to use Risk Manager plots for all
designreviews of the Standard Missile programs.

Rolling Airframe Missile Weapon System

The Rolling Airframe Missile (RAM) is a light-
weight, quick-reaction, high-power weapon system
designed to provide anti-ship missile defense. The
system (Figure 2-10) was co-developed and co-pro-
duced under a NATO cooperative program between
theU.S. and German governments, their respective
national weapon system acquisition oversight organi-
zations, and their respective national industries.

Various agreements governthe RAM programat all
levels. At the government level, the program operates
under a series of Memoranda of Understanding
(MOU). A steering committee, consistingof high-level
representativesfromeach government, isresponsible
for implementing the MOU. At the industry level,

Figure2-10. Rolling Airframe Missile
Launcher

RMSC and RAMSYS (the German consortium of
involved companies) work together under a Coopera-
tive Program Agreement (CPA). The actual procure-
ment for the system is run by RAMPO, a joint
program office with representatives from each gov-
ernment and their respective defense acquisition
oversight organizations. This successful multi-level
cooperation between the United States and Germany
enabled the RAM program to become areality.

TheCPAbetweenRMSCandRAMSYSisalong-term
arrangement thatcalls fora 50-50splitonallbuys, with
the procuring government's supplier designated as
prime. Key missile technologies are dual sourced, so
bothnational industries retain the ability to integrate
the final deliverable. Non-critical items may be sole
sourced. Manufacturingintegration exists atallassem-
bly levels. Some assemblies are built 100% by one
partner, while others are done as a 50-50 venture.
Workshare for any required development is proportion-
ate, and anagreement isemployed for joint marketing
and third-partysales. Acommondesign agent, aswell
asacommon technical datapackage, areusedtoresolve
production problems and the joint procurement of
common parts. Electronic data exchange is key to the
successful operation of the entire program.

While the establishment of a joint international
program can be complicated and expensive, the ad-
vantages are tremendous. Only the successful
partnering between the United States and Germany
empowered the RAM program's development, since
neither country could have justified the independent
development, production, and fielding of the systemat
the expected procurement levels and rates. The joint
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program enabled the RAM contracts, implemented
under the CPA, tobe accomplished on time and within
budget, andresultedinthe delivery of aneffective and
affordable weapon system. RAM's effectiveness has
been demonstrated by the flight success of 106 hits out
of 111 firingssince the start of production. Inaddition,
this collaboration has beenamodel for the 13-country
industrial consortium that is producing and deploy-
ing the ESSM program.

Sight and Sound Media

RMSC'’s Sight and Sound Media is a multi-func-
tional media communications facility capable of pro-
ducingstate-of-the art photographic digital imaging
and video editing, as well as traditional photographic
and video services. Divided into the services of Photo,
Video, and Instrumentation, the facility handles all
media communication needs for the company, its
customers, and the local community. The Sight and
Sound Media maintains over 800,000 negatives and
5,000 hours of videos; generates 12,000 new negatives
peryear; and is capable of high-speed photography up
to 40,000 pictures per second.

The Sight and Sound Media combines the best
photographic, video, and instrumentation capabili-
ties from five other divisions as a result of the recent
mergers and consolidations. Prior to these consolida-
tions, eachdivision offered various degrees of capabil -
ityintheseservices. Total staffing was 60 employees.
The establishment of the Sight and Sound Media
enabled RMSC toreduce theoverall staff, and increase
its capabilities and services. The facility supports many
groups at RMSC, and offers one-stop shopping services
inPhoto (e.g., productdisplay photos, electronic imag-
ing, formal portraitures), Video {(e.g., taping and edit-
ing, narration, standards conversion), and Instrumen-
tation (e.g., high-speed photography, field testing, mul-
tipleand sequence cameras).

Staffing now consists of five personnel for Photo
{e.g., photographers, technicians), seven for Video
{e.g., scriptwriter/narrator, electrical engineer, cin-
ematographer), and one for Instrumentation (e.g.,
instrumentation, videographer). The facility uses
automation for inventories, tracking of negatives,
videos, instrumentation, and job requests. In addi-
tion, the Sight and Sound Media provides unique
instrumentation and quick turnaround times which
arenot readily availableby other internal or commer-
cial sources. Almost 50% of the workload comes from
theengineeringtest group, followed by the operations
group at 14%.
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Oneofthe Sight and Sound Media's unique capabili-
ties enlists the use of sophisticated multi-cameras
and instrumentation to obtain video shots of RMSC's
missile test launchings. In 1997, the facility spent
4,000 hours in the field conducting these types of
services. By combining the best capabilities and
personnel skills from the other facilities, the Sight
and Sound Media provides extremely effective and
centralized communication services for RMSC.

Single Process Initiative

InMay 1995, RMSC developed a process to approve
and implement block changes for common processes,
as directed by the Single Process Initiative (SPI) for
acquisition reform. RMSC's SPI approval process
relies on technical and cost IPTs. Previously, the
company maintained and used multiple processes,
regardlessof productsimilarity, tomeet eachcontract's
requirements. Thisapproach resulted in duplicated
efforts and excess costs.

Each proposed common process is assigned a tech-
nical IPT, which is led by RMSC and uses represen-
tatives from RMSC and DCMC. The technical IPT
fully defines the proposed process by eliminating non-
value added components and conflicting program
requirements, and ensures that the new process
provides equivalent/improved quality compared to
current processes. The team submits the proposed
common process as an idea paper to DCMC for
approval. Once approved, the team is expanded to
include the Program Executive Officer, program of-
fice, and other applicable government representa-
tives. The revised IPT resolves any technical con-
cerns and obtains customer concurrence.

Inconcert, a cost IPT determines the cost impact of
a proposed change. This team is led by an RMSC
estimator, and consists of a technical IPT leader, a
technical IPT DCMC representative, and other tech-
nical experts, cost analysts, and estimators as needed.
The cost IPT identifies the assumptions for assessing
the cost impact for current contracts, and for deter-
mining the sustaining yearly cost avoidance. After
completing the cost impact estimates, RMSC pre-
pares a concept paper for the proposed common pro-
cess, which details the process, provides associated
metrics and consequent changes, and contains a
rough order of magnitude cost/benefit analysis. The
paper is submitted to the Management Council (with
representatives from DCMC, the Defense Contract
Audit Agency, RMSC, and key customers) for ap-
provaland execution of the block change modification
for all U.S. government contracts at the site.



Since RMSC implemented this process, 29 SPIs
havebeen approved and are currently used at RMSC;
four are presently in the review process; and many
others are being addressed by technical and cost IPTs.
RMSC estimates that the annual cost avoidance of the
29 approved SPIs exceeds $6.6 million. In addition,
the company enhanced customer relationships via
the customer's active IPT participation, strength-
ened competition, and streamlined acquisition. In
March 1997, DOD presented RMSC with the SPI
Recognition Award for its successful efforts in imple-
menting common processes.

Strategic Planning War Room

To remain competitive and at the forefront in
tactical missile design and production, RMSC recog-
nized that its traditional stovepipe ideology had tobe
discarded. The company needed toexpand its mode of
thinking, share ideas, and capitalize on the ever-
growing wealth of business opportunity information
from such sources as the news media, trade shows,
and DOD's Program Objectives Memorandum. As a
result, RMSC developed the Strategic Planning War
Room, aninnovative process for strategic planning at
the enterprise, mission, and program levels.

The Strategic Planning War Room integrates prod-
uct lines, functional organizations, suppliers, and
customer groups, as well as develops Technology
Roadmapsfor future warfare trends, customer needs,
and business opportunities. This approach uses a
dedicated room where a Program Council of senior
managers meet bi-weekly to interact (e.g., share
ideas; consider proposals for areas of future focus and
business growth; develop strategies for capitalizing
on cost-saving opportunities). The Program Council
also assesses customer requirements and expecta-
tions that are obtained from such sources as pub-
lished statemenits, official documents, and occasional
customer participation. This information, coupled
withdatagainedfromindustry expertsoncommercial
technology trends, are used to develop a matrix of
possible opportunities for future businessin the near-,
mid-, and far-terms as well as the domestic and
international arenas. The walls of the war room are
used to post graphic information for use in developing
company strategies. Data and information are ar-
ranged in sequential fashion, so that the thought
process is lead in a strategic planning direction.

The Strategic Planning War Room successfully
breaks down long-standing barriers in communica-

tion between programs and functional groups. This
approach facilitates the establishment of plans for
technology, manufacturing, and personnel develop-
ment. Analyses of Technology Roadmaps are used to
make strategic decisions in various areas including
make/buy, core competency retention/development,
supplierpartnering decisions, and Internal Research
and Development. Attesting toits success, thisstra-
tegic planning methodology and process are being
mimicked by several DOD entities.

Supplier Base Participation in Single
Process Initiative

RMSC set up the Supplier Base Participation in
SingleProcess Initiative (SPI) to encourage its suppli-
ers to participate in SPI for acquisition reform. This
simple, effective process enables suppliers torapidly
obtain approval for supplier SPIs, and immediately
implement many of the common processes approved
through RMSC's SPI system without further review.
Previously, nodefined approval process for supplier
SPIsand no formal means for suppliers toimplement
RMSC SPIsexisted.

The company set up a Technical Review Board
(TRB) to process and approve SPIs from its supplier
base. Asrequests are received from the suppliers, the
TRB calls on RMSC technical experts to review each
request and provide feedback to the review team. The
proposal may also bereviewed by the customer, if the
contract requires this action. The TRB either rejects
the request or approves it for implementation at the
supplier'ssite. As an additional way to involve suppli-
ersinacquisition reform, RMSC developed and incor-
porated astandard language for all production orders,
which allows many of the approved RMSC common
processes to be automatically implemented without
further review or notification.

Since being implemented, the Supplier Base Par-
ticipation in SPI appears to be very promising for
approving supplier SPIs and creating flowdown of
RMSC SPIs to the supplier level. Currently, five
supplier SPIs have beenreceived and approved. The
most complicated request incorporated 46 processes,
and necessitated areview and approval by 18 RMSC
technical experts. This request was processed and
approved in ten days. By implementing SPI at the
supplier tier, RMSC reduced costs via streamlined
acquisition, eliminated duplicated efforts, enhanced
prime contractor/supplier relations, and created a
rapid approval system.
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Supplier Liaison Information Control

The Supplier Liaison Information Control (SLIC)
system is an automated tool for collecting critical
documentation and information from RMSC field
engineerswhoresideat 171ocations across the United
States. Priorto 1996, this process was done manually.
Weekly reports, schedules, audit reports, and other
documentation were manually filled out on paper
forms, mailed toRMSC, logged in, filed, and continu-
ously updated. This activity was augmented by daily
telephone calls and faxes between the field engineers
and the company to maintain status and direct
changestoitineraries.

The SLIC System allows field engineers to remotely
access the database at RMSC via laptop computers.
The field engineers complete automated electronic
forms, and transmit them via modem to the source
control office at RMSC. Likewise, changes in sched-
ulesand itineraries canbe madeinreal timebasedon
evolving needs of the company. The data received by
the source control office is already digital, which
allows the information to be easily converted into
trend charts and activity graphs.

By implementing the SLIC system, RMSC elimi-
nated paper and labor costs, decreased turnaround
time for processing, and gained real-time informa-
tion. This application provides a strong first step for
future improvements including the use of digital
cameras and video teleconferencing for real-time,
virtual Material Review Board Dispositions — a
valuable attribute in a just-in-time environment.

Technology Communication

RMSC recognizes that its future business is criti-
cally dependent on the company's ability to develop
and maintain superior technical expertise in its
workforce. This task requires focusing on technology
and the rapid dissemination of technical information
throughout various scientific disciplines, programs,
RMSC, and the corporation. During the 1993 merger
between Hughes (now Raytheon) and General Dy-
namics, this focus shifted. As a result, training and
technical excellence became unprioritized, and com-
petitiveness was reduced. In 1994, RMSC established
a goal to develop technical excellence at the design
engineer level which led to the enterprise-wide Tech-
nology Communication program.

The mainfocus of this program is increased techni-
cal communication within RMSC. The Corporate
technology structure facilitates communication by
establishing a forum for sharing technical informa-
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tion between individual segments, across business
divisions, and throughout the corporation. Bi-annual
Independent Research and Development (IRAD) re-
views by segment and a company-wide IRAD data-
base also distribute the latest capabilities toalarger
audience. Technology networks in specific segments
(e.g., electro-optics, radio frequency, signal process-
ing, software, systems, mechanical, materiel) enable
information tobe shared throughout RMSC via inter-
nal and external conferences, workshops, and techni-
cal excellence awards. Employees who are unable to
attend these functions can obtain a CD-ROM of any
seminar or conference. RMSC also conducts periodic
informal brown-bag lunch technical exchanges and
one-hour technical presentations every Thursday af-
ternoon after work hours. Since 1995, the company
has conducted more than 6,000 hours of training.

RMSC encourages external technical communica-
tion by automatically paying for conference atten-
dance of employees who present papers or officiate a
conference. Engineers are encouraged to accept offi-
cial positions in technical societies, and RMSC gives
out Published Paper and Outstanding Paper of the
Year Awards. Internal communication at RMSC is
done through a Technical Experts Panel. This panel
consists of 35 multi-disciplined engineers and/or sci-
entists, each with more than 15 years of experience.
The company provides a budget of eight hours per
week per engineer for technical participation in de-
sign/program reviews, plans, proposals and tiger
teams. Each expert member mentors five junior
engineers/scientists. The Technical Experts Panel
alsodevelops the IRAD technical strategy, forms the
patentcommittee, and participates on special assign-
ments as needed.

Peer reviews are used to improve communication
during the design process, and are a planned part of
the program throughout the design cycle. Members of
a peer review include the designers, peers from an-
other program, a technical expert, asection manager,
and the department manager. The goal is to perform
adetailed technical analysis of the design by leverag-
ing on the Corporate technical knowledge. The re-
views are included in the company's monthly metrics.

The Technology Communication program makes
Corporate technical knowledge available to programs
fromthe earliest stages of design; keeps the workforce
technically competent and aware of internal and
external developments; decreases the likelihood of
designerrors; and reduces product development costs.
Inaddition, the program promotes technical commu-
nication; fosters technical innovation; and motivates
engineers to stay at RMSC. The employee turnover



rateat RMSCis 1.5% to 2%, compared to the industry
average of 12%. Technical excellence through com-
municationis a coordinated company strategy, which
ensures that the right technology and design ap-
proaches are being applied to customers'needs.

Technology Roadmaps

Technology Roadmaps are akey element of RMSC's
strategic planning process. This tool identifies tech-
nologies that are critical for future customer and
productline needs; assesses theminlight of predicted
industry technology trends; and helps management
make decisions regarding IRAD and future business.
Declining defense budgets adversely impact the
amount of funding which contractors can dedicate to
IRAD. This fact, coupled with the quickened pace of
technological process and product change (primarily
in the commercial world), dictate the need to effec-
tively predict the future direction of technology and
customer needs, if companies are to remain competi-
tiveand responsive.

The Technology Roadmap process involves a con-
tinual examination of the marketplace to forecast
which core technologies will be required for next-
generation products, and todetermine howwell RMSC
is positioned to capitalize on them compared to the
technology capabilities of its competitors. This tool
also helps RMSC identify disruptive technologies,
which inherently compete and may require hard
business choices. For example, should the company
pursue charged particle beam technology which would
compete with the core missile focus in the anti-
ballistic missile arena?

Insimpleterms, the Technology Roadmap process
plotsfuture technologies versus future customer and
productline needs. The resulting matrixreveals the
areas where the two roadmaps will likely intersect.
The results of the Technology Roadmap analysis are
then integrated into the make/buy decisions involv-
ing retention or development of core competencies as
well as those that will be obtained through partnering,
mergers or acquisitions.

Totally Integrated Enterprise System

Previously, RMSC's program initial phases were
characterized by a series of start and stop activities
(e.g., proposal team formulation and disbanding) in
which generated project data was ineffectively col-
lected, stored, and made accessible for use in subse-
quent phases. The result was an expensive, ineffi-
cient, start-up process that led to poor contract perfor-
mance. Toresolve this situation, RMSC developed a

suite of tools known as the Totally Integrated Enter-
prise System (TIES).

TIES is designed tofacilitate a closed-loop method-
ology that governs all phases of a program. The
system ties together all aspects of engineering and
manufacturing programs including initial develop-
mentof integrated master plans and schedules, pro-
posals, contracts, budgets, executions, and closeouts.
By using a closed-loop methodology, TIES enables a
program's baseline (created at the bid decision) tobe
reported, refined, and updated in each subsequent
phase. This state-of-the-art system creates aflexible
environment that encourages tasks tobe automated.
Attributes of TIES include a single, shared planning
andactuals database; anintegrated business process;
program cost visibility; a flexible client/server sys-
tem; and a multi-platform architecture.

RMSC has successfully employed TIES in numer-
ous proposal and support activities. During the first
several years of implementation, the company re-
duced its management information workforce by
33%, decreased cycle timeby 52%, and maintained an
approximately equivalent workload. TIES represents
apioneering effort in integrating project plans, esti-
mates, budgets, and performance measurements.

Unified Community Advisory Board

Priorto 1995, the community's voice was primarily
heardin an adversarial manner through local neigh-
borhood meetings, newspaper articles, and the elec-
tronic media. This practice created an atmosphere
which destroyed open communications and trust
among regulatory agencies, industry, and the com-
munity. Media coverage also reflected this mistrust
and misunderstanding by reporting negative articles
75% of the time throughout the 1980s.In 1995, RMSC
created the Unified Community Advisory Board
(UCAB) as a way for the community to express its
concerns, values, and opinions in a positive and
constructive manner.

UCARB is a unique outreach program which in-
volves and empowers the local community as major
stakeholders inenvironmental decisions. These stake-
holders (the general public, community activists,
Universityof Arizona, Tucson International Airport,
the Air Force, and RMSC) work together to resolve
issues, and participate inthe clean-up process at the
RMSC plant site, including much of the Tucson
International Airport Area Superfund Site. UCAB's
value is evident in the stakeholders' synergy and
focus on their common goal of environmental restora-
tion. The stakeholders have been instrumental in
implementing major environmental initiatives in
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record time. The advisoryboard has
significantly reduced the startup
times of many projects, often by as
much as three years.

Through UCAB, RMSC provides
training and awareness sessions at
local middle schools, high schools,
and colleges. The company is also
involved incurricula at two univer-
sities and a local community col-
lege. The students from these insti-
tutions perform fieldwork at RMSC
to learn about the company's com-
mitmenttoenvironmental steward-
ship, and to gain valuable first-hand
knowledge on Superfund site clean-
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Sinceitsimplementation, UCAB Figure2-11. Continuous Process Management and Improvement

improved communication and trust

among the local constituents, and reversed negative
reports about RMSC's operations. Consequently, the
company enjoys positive media coverage 85% of the
time. UCAB also enables regulatory agencies, indus-
try, and the community to openly discuss issues,
deviseaction plans, and make adifference inenviron-
mental and clean-up efforts.

Using Metrics to Drive Process and
Quality Management

Several years ago, RMSC realized its manufactur-
ing capabilities were not meeting the customer's cost
expectations. As aresult, the company began efforts
to improve its processes, and turned to metrics as a
way to drive process and quality management. Ini-
tially, process owners and general managers tracked
the deployment of engineering disciplines across their
programs as away toincrease theawareness and use
of process improvement metrics. Now, metrics are
required for all programs as a part of RMSC's IPA.

RMSC starts every program with standard IPA
processes, and tailors them to individual needs. Labo-
ratory managers review the tailored processes to
ensure that critical elements of each process are
maintained. The IPT program, responsible for the
tailored process, identifies and collects standard and
sixsigmametrics on the key processes for continuous
assessment across various engineering disciplines
(Figure 2-11). Standard metrics include cycle time,
defect detection, design-to-cost, risk mitigation, de-
sign reviews, top production issues, design reuse,
staffing, and training. Although all processes do not
require asix sigmalevel, RMSC uses these metrics to
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identify sources of defects, and toincrease producibility,
design for manufacturability, and communication
among engineering disciplines. This approach re-
duces cycle time, and improves costs, performance,
and schedules for individual programs. Monthly pro-
cessreviews are used across the enterprise.

Inaddition, RMSC tailored the Software Engineer-
ing Institute's Capability Maturity Model to be appli-
cable to all mechanical, electrical, and software de-
sign processes. By identifying the maturity level of a
process, RMSC can determine the associated esti-
mates for risk level, producibility, and quality capa-
bility. Maturity of processes is another way for the
company to benchmark against the rest of industry.
RMSC also measures and analyzes in-process defects
toidentify defect type, occurrence pattern, and trends
atthe project and organization levels; identifiesand
resolves systematic problems; and addresses project-
specificproblemsearly inthelifecycle toreduce rework
costs. By using process sigma levels and in-depth
understanding, designers can develop new processes
and estimate sigmas. Actual sigmas are compared to
predicted ones, whichenable RMSC toquicklyresolve
new issues. Although existing programs may not
reach the maturity levels of newly planned ones,
RMSC's continual use of metrics enables all programs
toaddress process improvement and achieve reduced
cycle times and/or defect levels.

Work and Family Strategies Program

Thedemographicsofthe U.S. workforce have changed
over thelast half century. This workforce is nolonger
aFBuropean male-dominated arena, with the maleat
work and the female at home. As a result, many




companies must now address the impact of family and
personal issues on their productivity. The percentage
of women in the workforce has doubled since 1950,
and the number of single parents has tripled since
1960. As the current workforce ages, elder care is
increasingly becoming anissue, muchlike child care
did in the 1960s and 1970s. Today's workforce is also
more displaced and mobile than earlier generations.
The support system of nearby grandparents and sib-
lings isbecomingrare, and the dramatic downsizing of
corporate America hasdiminished company loyalty.

Nowadays, corporations are assuming the role of

assistance provider to maintain a stable, motivated,
and productive workforce. As a result of mergers,
RMSC's Work and Family Strategies program is a
compilation of legacy programs from Hughes and
General Dynamics. The program provides assistance
tothe employees on a wide range of issues via family
supportactivities, including:

* Real-timeexpertassistanceindealing withillness
and other emergency situations through an
outsourcesupplier, the Dependent Care Connection
(DCO);

* In-home care givers for sick children financed
almost entirely by the company;

* Proactive pre-natal care and education;

* Education and consulting assistance for elder

care and parenting;

+ Company-sponsored family activities;

* Dependent daycare and child care assistance.

Throughemployee dedication and some outsourcing,
RMSC manages this impressive collection of family
programs with one in-house coordinator. The re-
turns, however, are impressive. In 1997, DCC coun-
selors handled 952 employee cases with an estimated
savings of $337,000 in lost work hours. This savings
is several times the total cost of outsourcing to DCC.
The Work and Family Strategies programis making
a difference in RMSC's workforce. Employees are
more productive, less distracted, more loyal to the
company, and suffer fewer absences. Inaddition, this
programserves as anincentive toattract new employ-
ees as well as retain current ones.

RMSC's all-inclusive program covers every em-
ployee situation (e.g., families, singles, income lev-
els). In addition, the Work and Family Strategies
program addresses a wide spectrum of family life
cycle issues in a real, immediate, and supportive
manner. Not surprisingly, RMSC's program has been
therecipient of bothregional and national recognition
forexcellence.
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Section 3

Information

Design
Design Standards for Pro/Engineer

RMSCimplemented standard design modeling prac-
ticessothat Pro/Engineer modeling software could be
effectively used throughout the company. This stan-
dardization fosters a “Design Anywhere, Build Any-
where” philosophy. Pro/Engineer is a powerful soft-
ware package for making 3-D models of parts. Data
contained within a Pro/Engineer file can be trans-
ferred directly to machining and engineering centers
for analysis, using finite element analysis functions.
However, the software program requires the use of
skilled operators for inputting data. Technicians and
engineers must alsobe consistent in their representa-
tionofhardware details. If drawnincorrectly, hardware
featurescancausedefects downstream inmanufactur-
ing (e.g., machining operations), despiteappearingtobe
accurate in the graphic file representation. Even the
simplest part can be misrepresented if standards are
not followed.

Using aStandards Team, RMSC incorporated many
standards including Start Files; Standard Configura-
tionFiles; ModelingMethod Manuals; and a Fastener
Library.

The Start Files consist of:

» Start Part — a baseline part creation with
standard view anddatumdefinitions, and standard
layering convention

* Start Assembly — a baseline assembly creation
with standard view and datum definitions, and
standard layering convention

* Start Sheet Metal — a baseline manufacturing
creation

The Standard Configuration Files consist of:

* Configuration Pro — standard load point
configuration options with facility specificoptions
available

* User Configuration Pro — templates with
additional configurationoptions

* Project Configuration Pro — templates with
additional project specific configuration options

The Modeling Method Manuals consist of:
* Modeling Methods — a manual describing basic

Pro/Engineer functionality for standard modeling
procedures

* Advanced Modeling Methods — a manual
describing advanced and module-specific
functionalities

The Fastener Library consists of data files for

28,000 initial parts such as nuts, pins, screws, and
washers. RMSCis currently creating additional data
files for connectors, inserts, and rivets.

Key Characteristic Designation System

RMSC implemented the Key Characteristic Desig-
nation System (KCDS), which focuses on key product
characteristics (KPCs) and attempts to control exces-
sive variation in product features. KPCs are those
characteristics for whichreasonably anticipated varia-
tion can significantly affect a product's safety or fit/
function. Excessive variation in product characteris-
tics can also affect a product’s compliance with gov-
ernment regulations, or the quality of subsequent
manufacturing operations.

RMSC realized that equal attention to all product
characteristics does not necessarily yield desired prod-
uct quality. If strictly enforced controls are used
across the board, they can also impact non-critical
product characteristics and add to product costs
without increasing value. Instead, the company fo-
cuseson thecritical aspectsofaproductinanattempt
tomake larger improvements in product performance
and customer satisfaction. By focusing on KPCs, any
additional costs to reduce or control manufacturing
variationwill directly add to the value of the product.
KPCsareidentified through experience in manufac-
turing, lessons learned, and the formalized process
containedin KCDS.

KCDS helps improve the quality of products during
the product design phase, and during the ongoing
manufacturing and assembly operations. Through-
out these phases of a product's life, this system
facilitates improvements in customer satisfaction,
communication, efficiency, product design, process
design, manufacturing, assembly, and the end prod-
uct. KCDS also utilizes teamwork, and promotes
customer involvement to define and address critical
items in a product's design. When used early in the
design process, KCDS assures robust designs and
limits process variation.
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The objective of KCDS is to provide a basis for
production process control activities. This goal is
accomplished by identifying KPCs; establishing a
common language for communicating key character-
istics; providing a formalized system for prioritizing
productcharacteristics; and improving productsdriven
by customer satisfaction. Once KPCs are identified,
they mustbe translated intokey control characteris-
tics (KCCs). KCCs are the process characteristics
which most significantly impact a product's quality
and performance. Through a combination of engi-
neering experience and Monte Carlo analysis tools,
RMSC determines the cause and effect of product
variability, and identifies KCCs for KPCs.

RMSC recently implemented KCDS on the AIM-9X
program. Currently, there are 300 unique drawings on
the AIM-9X, of which 75% havebeenreviewed. Ofthese,
lessthan halfhave existing KPCs, and those drawings
thatdo, have onetofour KPCs per drawing. Results of
KCDS's impact onthe AIM-9X program are pending.

Russian Electroflotation Technology
Partnership

RMSC has formed a promising partnership with
the U.S. Air Force and Russia's Mendeleyev Univer-
sity of Chemical Technology. The partnership's objec-
tive is to develop a full-scale working model of a
Russian-developed and Eastern European-utilized
technology for treating complex organic and other
synthetic compounds in wastewater. Known as
electroflotation, this technology fosters the full reuse
of rinsewater; contains less components in the appa-
ratus; and does not generateasecondary wastestream.

Aselectronicmanufacturing operations continue to
employ more complex organic and synthetic com-
pounds in their wet processes, more advanced meth-
ods are needed to treat wastewater prior to sewer
discharge. Electroflotation is a potential next-genera-
tionmethod for treating wastewater from these opera-
tions. This method is expected to reduce operational
costs, and provide a technological advantage over
current procedures.

Electroflotation is the process of generating, via
electrolysis, a controlled cloud of charged hydrogen
and oxygen gas bubbles, which rise through the
wastewater solution and attach themselves to in-
soluble contaminant particles (e.g., hard-to-treat
metals, organic substances). The foamy layer
(flotosludge) that gathers at the surface is then
skimmed off by mechanical or other means. The
concentration of the bubbles can be more than five

60

million per liter, allowing for a high rate of contami-
nant removal. Electroflotation is cost effective, and
tento 100 times faster than traditional gravitational
precipitation methods used for separation.
Electroflotation technology could be a viable solu-
tion for treating wastewater containing complex com-
pounds, which can potentially close down production
operations. RMSC s currently working with Concur-
rent Technologies Corporation to promote the use of
electroflotation technology inbroader applications.

Six Sigma Robust Design Process

RMSC's Product, Process, and Performance Im-
provement Group has begunimplementing six sigma
process controls into the company's early design
cycles via the Six Sigma Robust Design process. This
customer-focused, quality improvementdiscipline is
expected to provide a framework for significantly
reducing defects inkey products and processes. Nowa-
days, customers demand higher levels of product
performance and quality, at a lower cost, and with
greater responsiveness through reduced cycle times
and added value. This process will enable RMSC to
maintain its focus on these customer demands.

The goal of the Six Sigma Robust Design process is
to identify design drivers that have the potential to
negatively impact production and cause increased
quantities of defects per unit. The process uses a
methodology to predict defect rates of new design
concepts, and allows design engineers to optimize the
design performance prior to manufacturing. Early
visibility of product performance, productyields, costs,
and cycle times provides design engineers with the
necessary information, thus enabling designfor manu-
facturing, cost efficiency, and customer satisfaction.
The six steps tosix sigma are: identify requirements;
identify critical characteristics of the product; iden-
tify the sources of variability that affect quality;
establish targets and tolerances; assess first-time
yield; and adjust designs and processes tomeet sigma
targets. These steps help the user predict process
performance during all product development phases.

The Six Sigma Robust Design process alsouses the
SigmaCard Scorecard to provide anopportunity-and-
defect-per-unit overview of a program, and the Pro-
cess Capability Analysis Tool (PCAT) Set tomodel a
process, based on cost, from a process perspective.
Recent, robust-design, success stories (utilizing PCAT
Set) addressed a reduction in defects per million
opportunities. The result was $48.3 million in cost
avoidance for RMSC's missile programs.



Team of Teams

The shrinking marketplace for military parts has
begun impacting military contractors. As a result,
contractors must turn to commercial parts to repair
military products and/or continue production opera-
tions. The challenge is to accomplish this task with-
out impacting the reliability or performance of mili-
tary hardware. In January 1998, RMSC implemented
the Team of Teams approach to address issues that
affect various Raytheon divisions. Thisapproach uses
multi-functional teams of experts fromacross RMSC.

RMSC used the Team of Teams approach to adapt
commercial practices for designing and building mili-
tary hardware with commercial components. First,
the multi-functional teams identify those areas of the
infrastructure being affected. For each area, a team
reviews the existing knowledge and defines the com-
mon processes. These efforts are then integrated by
higher-level teams to provide a coherent result. The
key to the Teamof Teams approachis toshare common
information throughout the company, thereby obtain-
ing possible solutions and afinal integratedresult. The
successofimplementingcommercial partsintoRaytheon
operations dependsonthe company's ability tomakeall
affected areas competent in the new process.

The Team of Teams approach promotes communi-
cations within the company, and provides accesstoa
historically, untapped network of knowledge and
leveraged resources. The continual interaction of
theseteamsalsoleadstointegrated processes that work
coherently to produce a reliable product. Another ex-
ample of the Team of Teams approachis the Raytheon
Electronic Packaging Consortium, which is working
together tosolve electronic packagingissues.

Production
Accident Boards and Fairs

RMSC developed several EH&S programs designed
to increase employee and management awareness.
Two of these programs are the Lost Time Accident
Board, and the EH&S Fair.

The Lost Time Accident Board is alarge sign placed
atallmain entrances into RMSC. This sign displays
apermanentsafety slogan; the running total of days
without a lost time accident; and the previous best
record. RMSC established the Lost Time Accident
Board as a way to lower accident rates and meet
company goals by making employees aware of these
accidents and encouraging them to become enthusi-
asticabout beating the previous record.

The EH&S Fair, held once a year, showcases
approximately 60 environmental and safety exhibi-
tors from the local community (e.g., EH&S-related
corporations, law enforcement agencies, healthcare
providers). The exhibitors set up booths at RMSC, and
employees have an opportunity to visit the displays
during their lunch hour. The EH&S Fair features
demonstrations, educational information, and new
safety products for the home, work, and recreational
environments. The objective is for employees towork
and play more efficiently and safely. These EH&S
Fairs are also conducted at local schools to educate
middle and elementary students about home safety.

The Lost Time Accident Boards and the EH&S
Fairs place awareness and safety data at the forefront
toeducating employees. Inaddition, these programs
demonstrate RMSC's commitment to safety, and
reinforce EH&S as an important part of life.

Best Value Analysis for Procurement

Inthe past, RMSC chose vendors primarily by low
bid or through qualitative knowledge of individual
buyers. Although quality and delivery data was avail-
able, the method for retrieving this information was
difficult and time consuming. In 1991, RMSC imple-
mented Best Value Analysis for Procurement to sim-
plify and validate its vendor selection process.

Best Value Analysis for Procurement provides his-
torical data from the Supplier Performance Rating
System, which is accessible by commodity, part num-
ber, or vendor. This automated tool also quantifies
additional costs caused by a vendor's late deliveries or
poor quality products. Documented data (e.g., late
delivery information, non-conforming material docu-
ments) isentered into the system, and maintained by
specific vendor for a rolling period of 24 months.

Using standard algorithms, Best Value Analysis
for Procurement automatically considers past perfor-
mance and assigns a cost adjustment factor, or
Performance Index (PI), to each vendor. The Pl is
then multiplied by the potential vendor's bid price to
obtain an anticipated best value cost of buying a
specific part from that vendor. For example, a vendor
with a good quality and delivery history for aspecific
part/commodity would have a PI of 1.0, and the
projected cost of doing business would be the bid price.
A vendor with a poor quality and/or delivery history
would have a PI greater than 1.0, which would make
the anticipated cost of selection higher than the bid
price. Readily available, this information helps the
buyer make a best vatue decision based on quantita-
tive historical data. In cases where the best value
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vendor may not be appropriate, the buyer must
provide documented rationale (e.g., complexity or
technical adequacy of the product) in order to select
someoneelse.

Best Value Analysis for Procurement enables RMSC
todetermine the best value vendor for each purchase.
The primary strengths of this tool include providing
instant, accessible historical data, and quantifying
the anticipated costs of doing business with compet-
ing subcontractors. As a result, RMSC can make
timely and cost-effective purchasing decisions.

Certified Supplier Program

In 1991, RMSC initiated the Certified Supplier
program to reduce the costs and cycle times of its
receivingand inspection processes. The program also
addressed costs associated with travel, source inspec-
tors, duplicate receiving inspections, and non-con-
forming material/corrective action activities. This
quality rating system bases supplier certificationon
historical data such as demonstrated superior quality
performance, and confidence levels that the supplier
will continue at the same high level of performance.

InFebruary 1998, RMSC improved its program by
adding supplier certification for low technology parts
aswell as part number certification for high technol-
ogy parts (previously defined as Group 1 parts by MIL-
STD-1535). Many factors mustbe considered beforea
supplier/part candidate can be approved including
supplier management and procurement experience;
lot acceptancerate; floor failure data; and stakeholder
experience (e.g., supplier quality, procurement and
production engineering).

The Certified Supplier program also motivates sup-
pliers to maintain or improve their quality perfor-
mances. Purchase orders are awarded to those suppli-
ers that demonstrate a long-term commitment to
superior performance. The program currently in-
cludes 440 suppliers and 16,000 part numbers, which
represent about 26% of procured parts. Since 1991,
the company reduced the number of receiving inspec-
tors from 18 to two. Annual goals for increasing the
number of certified suppliers are established as qual-
ity initiatives. Source and receiving inspection fac-
tory data indicates adownward trend in defects over
the last three years.

Since implementing the Certified Supplier pro-
gram, RMSC reduced the total ownership cost of
procured products, eliminated duplicate receiving
inspections, and decreased cycle times. The program
also supports agile manufacturing practices by let-
ting certified suppliers ship directly to stock.
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Corrective and Preventive Action Teams

Per MIL-STD-1520 (Corrective Actionand Disposi-
tion System for Non-Conforming Material), all major
DOD weapon systems contractors were required to
control non-conformances; determine the cause and
necessary corrective action in such instances; and
setup Corrective Action Boards (CABs) toassure the
effectiveness of corrective action efforts. This military
specification was canceled as part of DOD's initiative
for acquisition reform, which emphasizes increased
reliance on commercial and performance require-
ments rather than military requirements. In re-
sponse to this action, RMSC established Corrective
and Preventive Action Teams (CPATSs) toproactively
address methods for reducing non-conformances. Simi-
lar inmakeup to CABs, CPATsconsist ofengineering,
quality, and production managers.

In January 1998, RMSCinitiated a company qual-
ity policy calling for all missile factories to transition
from CABs to CPATsS, so that the focus would be on
preventive and corrective actions. This policy is in
consonance with agile manufacturing effortsused to
eliminate waste and improve efficiencies. CPATs
meet at least once a month, and address the trends
and goals that are identified by individual IPTs of
missile programs. Issues are categorized as process,
product, or quality. Next, CPATs issue Corrective
and Preventive Action reports to IPTs for analysis
and improvement actions. This early focus on trends
and quality provides a more proactive way toimprove
quality at an earlier stage than previously possible.
IPTs then report back to the CPATSs on the results of
investigations and planned preventive actions. Reports
from CPAT meetings are also forwarded to company
management tc heighten awareness and promote com-
munications among the missile production lines.

CPATsenable RMSC tosupport information tech-
nology and agile manufacturing initiatives. By imple-
menting these teams, the company fosters a proactive
meansto eliminate potential causes of non-conform-
ances, reduce cost drivers, decrease manufacturing
cycle times, and pursue waste reduction. Trends and
goals relating to scrap, rework, defects per million
opportunities, and test yield are also reviewed by
management on aregular basis.

Cycle Inventory

PerFederal Acquisition Regulation, Part 45, RMSC
needed toestablishameansof controllingand verifying
inventory accuracylevels, asdescribed inDOD's Mate-
rial Management Accounting Standards.In 1987, RMSC



initiated the Cycle Inventory process tocomply
with this regulation and provide scheduling
accuracy for production. Prior to this system,
the company experienced significant problems
withmaterial availability.

The Cycle Inventory process is a physical
inspection method to validate the availability
of parts based on counts taken. Anautomated
data system identifies the inspection levels
and sample sizes of parts due for cycle inspec-
tion. The most expensive 5% of parts ininven-
tory are verified four times a year. Less expen-
sive parts are verified based oneither a twice-
a-year schedule orarandom 7% yearly sample
schedule. Once identified, cycle inspections
are conducted on thedistributed storage areas
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(supermarkets), and the results are entered
into the system. RMSC's current accuracy
rating is 99.2%, compared to its 1987 (pre-
implementation) rating of 85%. The Material Man-
agement Accounting Standards calls for aninventory
accuracy rating of 95%, while the accuracy for gov-
ernment furnished property is 99.9%.

RMSC's Cycle Inventory process provides asystem-
aticview of inventory balances; a visible way to track
the performances of supermarkets and specific pro-
duction projects; and a support system to improve
internal production efficiencies. An added benefit is
the early warning feature for identifying potential
material shortages due toinaccurate inventory data.
Since implementing the Cycle Inventory process,
RMSC hasexceeded its customers' requirements for
controlling inventory.

Diminishing Manufacturing Sources
Management

Like other military contractors, RMSC is faced
with the ongoing problem of electronic component
obsolescence. This issue is occurring because the
number of military systems in operation is decreas-
ing. In today's market, the military represents less
than 1% of the semiconductor market (Figure 3-1).
The life cycle of technologies used in design, produc-
tion, and spare support is also rapidly shrinking.
Nowadays, the semiconductor market focuses on
businesses that procure electronic components in
large quantities, leaving small consumers to fend for
themselves. To address this problem, RMSC devel-
oped a Diminishing Manufacturing Sources (DMS)
management strategy to evaluate other avenues for
dealing with component obsolescence.

Figure3-1. Total Worldwide Semiconductor Usage

(1996)

RMSC's DMS management strategy is similar to
other programs within industry. First, the company
monitors the discontinuance notices forwarded by
component manufacturers, industry trend analysis,
and aftermarket suppliers to determine what might
be available as areplacement. Next, this information
isentered into a database for trackinglong-and short-
term affected applications. Finally, the health assess-
ment of other programs and products is reviewed to
forecast system life support requirements. The pri-
mary driver for establishing this database is to fulfill
the program requirements of low cost/quality resolu-
tions, which is the only acceptable end-line resolution
for DMS issues. Often, this fulfillmentis done by using
alternate part selections, end-of-lifebuys, Generalized
Emulation of Microcircuits, or aftermarket sources.

Although RMSC is striving to stay within the
boundaries of the program requirements, the com-
pany faces anever-increasingresistive force of supply
and demand, induced by larger market forces. COTS
and PEM products offer functional replacements in
many cases, but their life cycles cannot satisfy the
long-term production requirements. COTS and PEM
components typically have a life cycle of 18 months
compared tothe military-grade component life cycleof
seven totenyears. With thesereplacements, designs
cannot mature to production prior to components
becoming obsolete in the market.

RMSC is not alone in its search for a permanent
solution to the electronic component obsolescence
issue facing military contractors. For now, the DMS
management strategy is a temporary answer.
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Electronic Soldering

Since acquisition reform became a DOD initiative,
soldering at RMSC has changed a great deal. Atone
time, engineers had to be familiar with 35 different
soldering specifications, each with their own set of
exceptions, inorder to judge solder joint quality. Alot
of time was spent on making the joints look right.
Today, RMSC's Electronic Soldering process is an
advanced technology that produces highly reliable
solder joints, and uses well-defined requirements,
guidelines, and specifications; state-of-the-art equip-
ment; specific materials; controlled processes; excel-
lentskills training; and organized contractor flowdown.

ANSI/J-STD-001, Class 3is the industry soldering
standard used throughout the United States. RMSC's
soldering techniques were developed as well-defined
processes, based on ANSI/J-STD-001 and the
company's ISO-9001 practices. Among the company's
capabilities are wave soldering, screen-printing, pick-
and-place, reflow soldering, and cleaning. Tools, such
as PROCAS, foster the understanding of critical
processes, and provide effective customer communi-
cation and involvement, teaming, and metrics. Sta-
tistical process control is used for conveyor speeds,
board preheat temperatures, solder heights, defect
data trends, and reflow profiles. Training is done
every 18 months, and emphasizes the workmanship
associated with actual products. Experienced instruc-
tors also develop specific training programs around
flex harnesses, chip soldering, tack soldering, and
other product-related requirements.

The Electronic Soldering process has been recog-
nized by RMSC customers as an effective solder
assembly technique, featuring standard tools and
processes. Throughits effective skills training, RMSC
ensures the transfer of knowledge amongemployees.
Since implementing the Electronic Soldering process,
RMSC produces highly reliable solder connections,
and improved its competitive edge.

Elimination of Government Source
Inspections

The Single Process Initiative is a partnership be-
tween RMSC and the U.S. Government. The objective
istoidentify processes which, whenredesigned, will
provide added cost savings for the customer and
contractor, without compromising product quality.
The RMSC/government team addressed two issues:
the elimination of Government Source Inspections
(GSIs), and theelimination of government signatures
onammunition data cards.
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The elimination of GSIs was accomplished in two
segments. Based on RMSC's process, the team con-
ducted in-process verifications at the suppliers'sites,
and implemented source verification plans using a
RMSC source inspector. This planfocuses on usinga
contractor source inspector to monitor a supplier's
processes during the build-up of a product, rather
than inspecting the end item. In all cases, the team
converted GSIs to Government Source Surveillances
(GSSs). A GSS program was established at each
supplier'ssite, and local government representatives
would visit to verify the contractor source inspector's
findings. Inaddition, new purchase orders were con-
verted from GSI to GSS.

The second segment involved eliminating GSS,
wherever possible, since this process was redundant
to the contractor's verification process. The RMSC/
government team established low, medium, and high
risk categories for parts, based on RMSC's supplier
performance data and on input from the Government
Product Support teams. The GSS requirement for low
risk partswas removed from purchase orders, and the
delegation to government field representatives was
either eliminated or altered. As aresult, the govern-
ment office at RMSC estimates an annual reduction
of 5,000 work hours. In addition, RMSC developed a
monthly report for the Government Product Support
teams which highlights the quality performance of all
sourced parts. Based on this report as well as their
owninformational sources, the Government Product
Support teams can add or delete GSI delegations.

Ammunitiondata cards are required toaccompany
all explosive materials during their transport along
public routes. In addition, government representa-
tives must sign the data cards to verify the accuracy
of the information. The RMSC/government team
addressed the elimination of government signatures
onammunition data cards by gathering information
on explosive components, including material compo-
sition and material lot traceability for safety pur-
poses. In a move to reduce government oversight
costs, the Deputy Chief of Staff for Ammunition
Procurement issued a waiver which allowed govern-
mentsignatures tobereplaced withthe subcontractor’s
(specifically the quality manager's) signature. This
waiver affects approximately 400 part numbers.

Through its partnership, the RMSC/government
team has helped reduce or eliminate government
oversight costs. These efforts decrease contractor
costs, leverage existing contractor processes, and
maintain the integrity of products.



Industrial Engineering Group

Inthe past, RMSC's Industrial Engineering group
manually reviewed all aspects of the company's pro-
duction operations, per military specifications. To-
day, this group uses the latest software packages
(e.g., ProModel, Microstation 95, EASE) to optimize
production areas, reduce implementation risks, de-
velop labor standards, and perform facilities engi-
neering at RMSC as well as at suppliers’ sites.

The Industrial Engineering group's systematic
approach examines all aspects of production, and
identifies possible impacts. Strategic subcontractor
proposals arereviewed and analyzed for direct labor
hour usage; material requirements; manufacturing
flow; equipment utilization and needs; production
cycletimes; and labor standards and variances. Prod-
ucts are evaluated for producibility, cost of quality,
cost of managing, manpower planning, and resource
utilization. The group can also perform product im-
provement studies, make/buy decisions, bottleneck
analysis, and labor efficiency studies. The objective of
these reviews is to support negotiated reductions in
pricing, benchmark supplier costs for continuous
improvement, and help the supplier make a more
efficiently built product.

Thegroup alsodeveloped alabor standards system
by establishing standardized processes and tools for
standards generation, application, and estimation
techniques. This company-wide system enables in-
dustrial engineers to quickly perform standards de-
velopment and applications; maintain and improve
their accuracy; and improve consistencies across
RMSC. Inaddition, the Industrial Engineering group
created a common database, and reduced method
errors, electronic storage space, and cycle times.

Manufacturing Verification Program

RMSC recognized that quality accountability lies
with the individual technicians who perform the
work. In 1993, the company developed the Manufac-
turing Verification Program (MVP) to assure con-
tinuous improvement in the quality of its products
and processes. Through this certification program,
technicians are trained to manufacture and inspect
their work. This approach eliminates secondary in-
spector verification, and places the responsibility for
work compliance with the employee. The program is
tailored to specific production areas.

Supervisors nominate MVP candidates based on
their work qualifications and experience. The candi-

dates receive eighteen hours of classroom training,
followed by on-the-job training in operations and
inspection procedures. After completing this train-
ing, candidates then submit three tofive defect-free,
final pieces for audit by aquality inspector and subject
matter expert. Those who pass the audit become
certified for aspecificoperationand part. Supervisors
maintain askills matrixoneach employee. Tobecome
an MVP technician, employees must complete this
certification process for every operation and item for
which they are responsible. MVP technicians are
subjected to random sample inspections every twoto
three months. These technicians can also reject any
hardware that they believe is not in compliance with
technical data package requirements.

MVP has helped RMSC develop a flexible, mobile,
and knowledgeable workforce. Since implementing
the program, RMSC reduced manufacturing cycle
times; in-process inspections; and overall costs asso-
ciated with build times, failures, and reworks. MVP
also promotes ownership of products as well as em-
powerment and team development in the workforce.
Between 1995 and 1998, RMSC realized a $200,000
reduction in scrap/line loss, which the company par-
tially attributes to MVP's success.

Point-of-Use Material Issue

The sheer volume of parts needed to keep up with
assembly line demands (25 units per day) of the TOW
missile program, makes kitting an impossible task.
Intheearlydaysofthe program, RMSC used acentral
conveyor belt, which ran through the assembly area
and delivered material. Today, the company uses a
more efficient point-of-use method toaccomplish this
task.

The Point-of-Use Material Issue process moves
material from the stockroomto the appropriate loca-
tion on the TOW assembly line, without first kitting
the parts. Mobile carts are used to transport and
house material needed at each operation or cell.
Material is then fed toeach cell fromthe previous cell.
When a cell runs out of items, additional material is
sent to that location.

The Point-of-Use Material Issue process enabled
RMSC toreduce the cycle times for the TOW missile
program by eliminating non-value added time for
kitting as well as unnecessary material movement.
This process is also an example of RMSC's Agile
Improvement practices, which strive to eliminate
waste and reduce manufacturing lead times.
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Research and Development Partnership

Overtheyears, RMSC's existing method for remov-
ing TCE from groundwater began leveling off due to
high-permeability gravel layers; low-permeability clay
layers; and the subsurface heterogeneity of water
flow. In 1994, RMSC and the University of Arizona
formed a partnership (funded through the Air Force)
toidentify solutions to this situation. Specifically, the
group examined the controlling factors for removing
contaminantsinhigh concentration areas, and evalu-
ated alternatives toenhance the efficiency of the exist-
ing pump and treat groundwater remediationsystems.

The University of Arizona's Site Characterization
and Systems Optimization project was set up to
gather information related to TCE's behavior in
groundwater and soil. By understanding this behav-
ior, the group can improve the effectiveness of
remediation, and increase the clean-up efforts at the
contaminated AFP44site. This project utilizes several
components (e.g., laboratory studies, computer model-
ing, field tracer studies}, which are designed to charac-
terize how water and TCE travel through the aquifer.

The project’s ongoing work includes the design,
testing, and pilot-scale implementation of two vertical
circulation wells (Figure 3-2). Toenhance these wells,
cyclodextrin (sugar molecules) will be added to the
influent as a way to attract TCE to the effluent. This
cyclodextrin injection technology (similar to co-
solvent technology) is a proven, but not currently
practiced method. New technologies, like this, help
reduce life cycle costs and improve the effectiveness of
remediation efforts at RMSC and similar sites.

Besidesidentifying the cyclodextrininjection tech-
nology, the group created extensive 3-D models of the
plume. The groundwater remediation 3-D modeling
program, developed by the University of Arizona, is
anadvanced software program which allows the user
to manipulate many variables such as TCE aging,
geological conditions, pumpingrates, and pressures.
Through the partnership, Environmental Science
graduate students come to RMSC, and develop sophis-
ticated 3-D modelsbased on actual remediation activi-
ties. The students get to participate in an excellent
learning opportunity, and help accelerate RMSC's
remediation process. In addition, RMSC gains valu-
able information from the student's models.

Solid Waste Recycling Program

For many years, RMSC's recycling efforts consisted
of individual schemes scattered throughout the facil-
ity. Howeverin 1996, the Air Force made arequest for
RMSC to develop a more aggressive approach to
landfill reduction. The company was tasked with
meeting a 50% solid waste reduction goal for 1997,
based on 1992 landfill metrics.

To develop the Solid Waste Recycling program,
RMSC and unionrepresentatives teamed together to
identify and implement several alternatives to
landfilling, Paper products, as well as packaging
materials, provided opportunities for much of the
waste diversion. Wood waste is given away to employ-
ees as well as to not-for-profit organizations during
RMSC'sFree Wood Wednesday events. The company
sendsseveral semi-trailer loadsof large wooden crates

Flushing
Solution

Air Stripping
Flushed Solution

Secondary

Contaminated Air to

TCE Depleted Flushing
Solution to Holding Tank
for Secondary Treatment

or Re-Use
Removal of TCE from
Pumped Flushing Solution
Clean Flushing Solution

to Mexico, where the wood is donated to
under-privileged families. Inaddition, bro-
ken crates are shredded for landscaping
and compostuse. The companyimplemented
several programs where returnable ship-
ping crates are routinely sent back to sup-
pliers and customers. Styrofoam packag-
ing peanuts are also given away to a local
| shipping company which gives RMSC em-
ployees adiscount for their patronage. The
company keeps employees and contractors
up-to-date on the latest recycling guide-

s Recirculated Through Well lines via a training video. This video is

—Y Packer shownannually at team meetings through-

J TCE Dissolution outthe facili‘fy, as v.vell as atemployee and
and Withdrawal contractor orientations.

U RMSC's Solid Waste Recycling program

Pump reduced the company's dependency onlocal

landfills by more than 50% in the past few

Figure3-2. Enhanced Vertical Flushing
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years. This program generates in excess of $2,000
monthly, and provides steady employment for six
disabledemployees whocollect therecyclables. RMSC's
use of cross-functional teams will also ensure further
expansion of the program.

Statistical Process Control

In 1993, RMSC formed the Process Improvement
Group toidentify the company's manufacturing pro-
cesses, and review how they contribute to product
performance, quality, cost, and schedule. The group,
consisting of engineering and manufacturing special-
ists, also looked at how other companies set up their
process control methodologies. Based on RMSC's cul-
ture, the group initiated a seven-step Statistical
Process Control (SPC) process.

The SPC process analyzes critical and major pro-
cesses for implementing process control charting. As
shown graphically in Figure 3-3, the process uses
various process improvement tools (e.g., flow charts,
process maps, pareto charts, design of experiments,
regression descriptive statistics) to accomplish this

task. In 1996, the group was renamed the Product,
Process,and Performance Improvement Group (PPPIG)
to reflect its new direction. PPPIG now focuses on six
sigma tools and techniques; process characterization
and metrics; and sigma card scoring to predict the
potential for defects on new product designs.

RMSC's seven-step SPC process was presented to
the operations manager who embraced the concept,
and took responsibility for implementing it into vari-
ous process centers. Inaddition, PPPIG developed an
SPC system manual; a process control technical
handbook, and an SPC training curriculum. The
group now interacts with engineering and manufac-
turing teams to provide training and guidance.

Facilities
Creform Tooling

In 1996, RMSC began using Creform Tooling to
build its material handling equipment and parts

presentation devices. Creform is a plastic-coated,
steel-pipe material which comes inavariety of colors.
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The material is purchased in standard lengths; is
easy to cut; and can be conductive or non-conductive
depending on the desired application. Sections of
creform are joined by using bolt-together fastenersor
plasticglue-onfasteners.

By using Creform Tooling, RMSC can create de-
vices that are mobile, reusable, easily reconfigured,
andrelatively inexpensive. These characteristics are
wellsuited for the agile manufacturingatmosphere at
RMSC. Inaddition, the material's uniformity simpli-
fies the design and assembly phases, and reduces the
amount of stock and tools needed. Creform products
have proventobe atleast 50% directly reusable from
its original design intent, and the material itself is
95%reusable.

Thefollowing shows a material cost comparison for
building a typical workstation cart:

STAINLESSTUBE

* Labor cost for Design phase is five hours

* Labor cost for Assembly phase is 27 hours

* Materialcostis $1,144

* Value of reusable material is $80

STEEL TUBE PAINTED

* Labor cost for Design phase is five hours

« Labor cost for Assembly phase is 27 hours

* Material cost is $558

* Value of reusable material cost is $80

CREFORM

*» Labor cost for Design phase is three hours

« Labor cost for Assembly phase is 11 hours

* Material cost is $887

* Valueof reusable material is $416

Assuming $65 per hour for engineeringand $25 per
hour for labor, the total cost for building the worksta-
tion cart is $2,144 for stainless tube; $1,558 for steel
tubepainted; and $1,357 for creform. Annual savings
(total cost minus value of reusable material) is $2,064
for stainless tube; $1,478 for steel tube painted; and
$941 for creform. Between 1996 and 1998, RMSC
produced 180 devices peryear, and realized a savings
of $830 per device. Creform Tooling enabled the
company to obtain an annual savings of $149,400
during this time period.

Environmental, Health, and Safety
Strategic Plan and Goals Process

The EH&S Strategic Plan creates the foundation

for RMSC's EH&S management system, and pro-
vides the vision, mission, and guiding strategic objec-
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tives for the company's EH&S programs. The planis
also aligned with the five focus areas (customer
satisfaction, competitiveness, quality, people develop-
ment, and financial performance) of Vision 2000.

A cross-functional team of key stakeholders imple-
mented the EH&S Strategic Plan as a long-term
strategic method to guide EH&S programs into the
future as well as provide consistent, annual EH&S
objectives and priorities. Aweekly EH&S conference
call is used to communicate common problems be-
tween 80 sites, and anannual corporate conference is
held to promote the sharing of knowledge among all
Raytheon sites. A Missile Systems EH&S Quality
Leadership council is also being established to emu-
late the philosophy of the RMSC Leadership Team.
The EH&S Strategic Plan translates the corporate
objectives intostrategic elements and processes.

Based on the principles of ISO-14000, the EH&S
Strategic Plan forms the basis of the annual goal
planning processes, and helps provide year-to-year
business consistency. Goals of the EH&S Business
Planinclude:

* 100% processefficiency

* 100% employee productivity

+ Reduce solid waste generation by 20% (1997
baseline)

* Reduceindustrial waste generation by 30% (1997
baseline)

* Reducehazardouswastegenerationby 15% (1997
baseline)

+ Reduceenergy costsby 30% to 50% (1993 baseline)

» Eliminate manufacturing use of MDA and ozone
depleting chemicals by the year 2000

+ Attainoverall environmental compliance rating
for legacy sites (quarterly report card)

* Reduceaccidentrate

+ Contribute tocompany's cost reduction goal

RMSC is still in the process of aligning business
activities, and integrating four different business
cultures. Although the number of business units is
still fluctuating, the EH&S Strategic Plan will help
the company establish goals and objectives.

Final Assembly Checkout

RMSC uses a Final Assembly Checkout (FACO)
facility to perform all phases of production on missile
systems, including final assembly and test proce-
dures. This approach eliminates the need to ship
missile systems to secondary locations. The FACO
facility is adequately distanced from other manufac-



turing plants and office buildings, the Tucson Inter-
national Airport, and the surrounding community.
RMSC can deliver a completely assembled, all up
round (AUR) missile system to its customers from
this site. AUR means the missile is fully fueled and
has an explosive warhead.

The company's Tucson site was established for
missile production in the early 1950s with sufficient
land to houseaFACO facility. Specific distances were
established and maintained to allow for the handling,
installation, test, and storage of missile ordnance.
The FACOfacility, in conjunction with nearby subas-
sembly and missile production factories, is essential
to manufacturing, assembling, inspecting, testing,
and delivering AURs to customers fromasingle site.
This arrangement reduces support personnel and
equipment; improves logistics; decreases cycle times;
and lowers product costs. RMSC's FACO facility
includes 24 magazines, withmore than 2,000 square
feet of storage and additional smaller magazines.
Delivery and access by truck, rail, and air are readily
available.

Maximization of Carbon Loading
Efficiency for Soils Remediation

RMSC developed DPE as an enhancement to its
pump-and-treat remediation system. The technique
involves evacuating air (vapor extraction) from the
casing of a pumping groundwater extraction well.
The pumping lowers the water level in the well and
exposes solvent-contaminated soils to the air. The
vacuum also causes the solvents to evaporate. Asthe
airissucked from the well, the vapor is pulled out and
captured within GACs. The GACs are connected, in
tandem, to the vapor extraction blower, and enables
the extracted solvent to maximize the carbon loading
efficiency for soils remediation (Figure 3-4). Geologic
conditions at RMSC favor DPE due to the existence of
the clay bed at the top of the aquifer, which traps non-
aqueous phase liquids. The removal rate of TCE is
approximately 120 pounds per month.

During the maximization stage, vapor isdischarged
into the primary carbon vessels until the vapor
concentration of the vessel effluent is the same con-
centration as the vapor entering the vessel. This
process ensures the maximum saturation of the
GACs. Next, the primary vessel is removed, and the
partly-saturated secondary vessel is moved into the
primary vessel's position. A new carbon vessel is
placed in the secondary position, and the process
starts over. The spent primary carbon vessel is
shipped offsite for regeneration.

Influent PR Effluent
I e N
Vapor N
Extraction Primary Secondary
Blower Carbon Carbon
Vessel Vessel

Figure3-4. MaximizationofCarbonLoading

Efficiency for Soils Remediation

RMSC removes thousands of pounds of TCE and
other waste solvents from the ground each year by
this method. The consumption of GACs is the highest
costitem associated with operating vapor extraction
systems. Because thecarbon vessels are connected in
tandem, the primary carbon vessel can be fully
saturated with the solvent vapor. The secondary
vessel absorbs the excess vapor when the primary
vessel becomes fully saturated, and prevents dis-
charging to the atmosphere (where the vapor would
become an air pollutant).

Activated carbon is used inroll-offs of 10,000 pounds
and 20,000 pounds. The carbon supplier replaces the
saturated units with dry units, and RMSC assumes
no liability for this material. The cost of carbon is
$1.25 per pound. The maximizationloadingefficiency
of GAC usage is essentialin controlling remediation
costs. Loading efficiency is defined as the number of
pounds of solvent which can be captured in a given
weight of solvent before complete breakthrough oc-
curs. For example, if 300 pounds of solvent are
capturedin 1,000 pounds of carbon, then theloading
efficiency is 30%. Loading efficiency is also propor-
tional to the influent concentration and to the dura-
tion of exposure. High concentrations and long expo-
sure periods give higher loading rates.

Waste Segregation Process

The spent hazardous chemical collection process,
previously done at RMSC, was inefficient and created
opportunities for regulatory non-compliance, incor-
rect treatment, and storage problems due to chemical
incompatibilities. The chemical handlers would col-
lect the spentmaterial; transport themto the hazard-
ous waste treatment facility; and wait for environ-
mental managers toinstruct themon the correct way
to process each container. The manufacturing pro-
cess and/or constituents of the hazardous material
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dictated the method of disposal or treatment. As a
result, backlogs of unprocessed material were com-
mon, and created safety and regulatory liabilities for
the company.

To resolve this situation, RMSC's Waste Opera-
tions Team created a documentation process that
uses labeling codesand a corresponding work instruc-
tion list. The users place labeling codes on all waste
containers {(e.g., small tote pans, 55-gallon drums)
before the chemical handlers pick up the spent mate-
rial. These labels identify the chemical constituents
and the process in which they were used. After
transporting the materials to the treatment facility,
the chemical handlers reference the codes tothe work
instructionlist to determine the proper segregation,
treatment, and/or disposal procedures in accordance
with RMSC and regulatory policies. The chemical
handlers can now process the spent chemicals without
managerial guidance. RMSC'sdocumentation process
helpsreduce non-compliance, incorrect treatment, and
storage problems. Inaddition, the processensures that
waste is handled according to environmental regula-
tions as soon as it arrives at the treatment facility.

The chemical handling procedure list contains in-
structions for 90% of all chemicals used at RMSC.
Since implementing this documentation process,
RMSC increased efficiency and safety at its hazardous
waste treatment facility, decreased company liabili-
ties, improved labor performance of the chemical
handlers, and reduced the time required for oversight
by environmental managers by 25%.

Wastewater Strategies Team

Builtin 1977, RMSC's centralized Industrial Waste-
water Treatment Plant IWTP) was designed to pro-
vide large volumes of high-quality reclaimed water for
reuse in numerous on-site wet processes, while con-
currently treating the resulting wastewater and
chemical wastes generated from these processes.
Piping systems transfer these by-products from the
company to the IWTP. Currently, the Plant filtrates
and processes approximately 170 gallons of wastewa-
ter per minute. The solids are collected and disposed
as hazardous waste (about 20 cubic yards per month).
The treated water is collected and discharged to the
Pima County Treatment Facility at a rate of two
million gallons per month. The IWTP hassix holding
tanks, each with a capacity of three million gallons.

However, current and anticipated transition activi-
ties (e.g., movingmajor wet processes toother Raytheon
facilities) may decrease or eliminate future demands
for the IWTP's services. This loading reduction will
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substantially reduce the cost-effectiveness of the Plant
in managing the company's remaining regulated
process wastewater and/or chemical wastes. In re-
sponse, RMSC set up the Wastewater Strategies
Team to simplify the treatment processes and its
supporting infrastructure. The team will alsorevise
and implement the necessary managementpractices
for wastewater and chemical management. These
efforts will help reduce the long-term operating and
maintenance costs of the treatment plant. Animpor-
tant part of the strategy is to make current/future
processes environmentally friendly and/or implement
closed-loop, zero-discharge recycling systems. Besides
reducing costs, these recycling systems will acceler-
ate the Air Force's and RMSC's P2 initiative long-
term goals and objectives.

RMSC anticipates an annual savings between
$600,000 and $1 million, and projects that the Air
Force will save $400,000 in supplemental funds. The
company is changing its focus from compliance to P2,
largely due to new technologies such as the ion
exchange at point of generation, which should be in
place by June 1999. RMSC will alsoreduce legaland
operating liabilities as a result of implementing a
simplified infrastructure.

Logistics
On-Hand Inventory Level

In 1991, RMSC initiated a program to reduce its
production On-Hand Inventory Level to a three-
month quantity. This change was the result of gov-
ernment contractual requirements, which set five
months as the maximum on-hand inventory level.
Customer-provided progress paymentstoRMSC are
not authorized beyond this limit.

RMSCresearched the defense and aerospace indus-
tries todetermine thebest-in-class On-Hand Inventory
Levels. Based onthislevel of 2.7 months, RMSC setits
owninventory goal at three months. Over the pastyear,
the company reduced its On-Hand Inventory Level
from 4.8 months to the goal level of three months.

Since implementing the three-month On-Hand In-
ventory Level, RMSC reduced resource investments
for on-hand inventory; enhanced the utilization of
customer-provided progress payments; simplified
management reviews; became compliant with the
DOD's Material Management Accounting Standards;
and heightened visibility toindividual programs. The
company plansto continue operating at this on-hand
inventory level.



Phalanx Life Cycle Support

Currently, the process for furnishing spares and
supplying support for the Fleet's Phalanx weapon
systems involves many subcontractors and support
activities. This process can take numerous days to
fulfill ordersrequested by sailors. RMSC is proposing
a simplified approach which will provide 24-hour
availability to the Fleet, and aresponse time of hours
instead of days. The company is designating its
Louisville, Kentucky facility as the point-of-contact
for these services.

The Phalanx's Life Cycle Support covers 350 sys-
tems, and involves many operations including main-
tenance, field service, training, documentation, engi-
neering, and logistics. RMSC's goal is to provide a
single, full-service contract at one price, that will
service the Phalanx weapon systems for the life of the
program. The proposal consists of establishing a
Phalanx website where customers can access infor-
mation and services, suchas parts ordering, training,
technical assistance, and news. Fleet support will
consistof on-board technical assistance; battle group
sparing; installation and checkout; and corrective
maintenance. Depot support will include overhaul,
repairs, and spare equipment. Parts sparing will use
commercial delivery methods so items can be tracked
worldwide and delivered within hours.

RMSC's proposal will provide responsive support at
less cost; use commercial practices for support func-
tions; create organizational efficiencies through con-
solidation; and offer the Navy an innovative opportu-
nity to support the Phalanx program. The company
projects a 10% to 15% cost savings over the present
process. The Phalanx Life Cycle Support will also
establishasimplified infrastructure; give the Navy a
single point-of-contact; improve logistics support; and
provide better service to the customer.

Subcontract Management

Approximately 80% of the materials used by the
Phalanxand RAM Launcher programs are provided
by subcontractors. The IPTs of these programs recog-
nized thatin order for RMSC to become aworld-class
provider, the company needed to implement a more
disciplined approach for material procurement. The
teams identified three key elements which needed to
be addressed: material requisition release date; pur-
chaseorder placement date; and subsequent receipt of
the purchased material.

In the past, the practice of managing these key
elements by using existing reports proved unsuccess-
ful, due to the structure and format of the reports

being generated. Gathering all the information for
these reports was also time consuming. To resolve
these problems, RMSC developed a planner code.
Each part, listed on the purchase bill of material, is
identified to the user via a planner code. This ap-
proach enables users to generate a team report that
only lists those materials needed by a specific team.
These team reports are generated weekly, and provide
a schedule activity requirement list, based on task
priority, which allows RMSC to monitor the activity
levels for each team's materials. The company also
developed Subcontractor Management Reviews, which
is a process for determining and monitoring the
supplier's production readiness. By using these re-
views, RMSC canidentify situations up-front which
may hinder the subcontractor's ability to deliver on-
time materials. This process also allows for additional
time, so corrective actions can be implemented before
a shortage becomes a major problem.

Prior toadopting these changes, RMSC had signifi-
cant money tied up in residual material for the
Phalanxand RAM Launcher programs. Atany given
time, late procurement requisitions and purchase
orders each ran well over 500, and parts late-to-dock
were in excess of 350. After implementing the new
practices over a 12-month period, RMSC reduced its
residual material by 80%. Procurement requisitions,
purchaseorders, and partslate-to-dock numberedless
than70each. By applying these simple conceptstothe
procurement processofthe Phalanxand RAM Launcher
programs, RMSC has been able to provide these prod-
ucts toits customers consistently ahead of schedule.

Supplier Base Reduction

The supplier base at RMSC had grown quite large
dueto the Raytheon/Hughes merger and the restruc-
turing of the company's product and manufacturing
lines. Toaddress this situation, RMSC established a
Supplier Base Reduction process toeffectively control
andreduce its supplier base. This process focuses on
using supplier certifications, supplier improvemnents,
and economicsupport of agile manufacturing tostream-
line the base. The company also considers economic
procurementefforts, inventory management, and on-
time/quality delivery issues of each supplier.

RMSC set up Technology Roadmaps to identify
preferred suppliers; utilize a supplier-managed in-
ventory where feasible; and eliminate inactive or poor
performing suppliers. The company also wanted to
increasebusiness transactions with those suppliers
who demonstrated timeliness, reasonable costs, and
quality performance. Technology teams were set up to
develop preferred supplier lists, which include perfor-
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mance history. The information on suppliersisreadily
available electronically to all RMSC personnel. Meet-
ings are held with suppliers to ensure that purchase
orders are fully understood, and oversight is provided
asrequired. Records of supplier quality, over the past
two years, are also available on-line and have been
effectively used tostreamline the supplier base. RMSC
reduced the number of production suppliers from
3,119in1995t0 1,742 in 1997. The company's goal for
1998is 1,480.

Besidesreducing the administrative workload asso-
ciated with a larger base, RMSC's process provided
the company with a more responsive and economi-
callyviable supplier base. The Supplier Base Reduc-
tion process alsoimproved the hardware acceptance
rates and on-time delivery measures, and provided
cost benefits to RMSC.

Technical Data Export Certification

The International Traffic in Arms Regulations
(ITAR) governtechnical data export requirements for
defense products. ITAR states that defense-related
technical data can only be exported if a valid export
license exists oranITAR exemptionisapplicable. Per
these regulations, technical data exports must be
documented including any ITAR exemptions, and the
information must be retained for five years from the
date of export.

Over the years, RMSC's program offices used vari-
ous non-standardized forms, certificates, and certifi-
cation processes to handle technical data export situ-
ations. In addition, the means of designating an
authorized individual to certify the technical data
exports was inconsistent. Typically, the designation
was not determined by asingle, focal point-of-contact.
As aresult, RMSC initiated Technical Data Export
Certificationtostandardize theforms, certifications,
and handling procedures for exporting technical data.
Only those individuals, authorized by senior RMSC
contracts management, may authorize an export.
These individuals must meet specific criteria before
being designated as authorized signatories.

RMSC's process ensures that technical dataexports
canonly take place ifa valid export license oran ITAR
exemption exists. The process also enables the com-
pany to properly document and retain the export
information per government regulations.

Value Engineering Process

In 1988, RMSC initiated an active Value Engineer-
ing process on its AMRAAM program to implement
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low-cost design changes. The primary Value Engi-
neering objectives were to maintain system perfor-
mance and lower unit costs. The secondary objectives
were to improve system performance and increase
reliability. As a result of the Value Engineering
process, the AMRAAM program's overall missile costs
were reduced, enabling the Air Force to fulfill its
missile inventory requirements.

The Value Engineering process allows RMSC to
progressively update a program's design and incorpo-
rate current parts technology. This approach avoids
obsolete part procurements, and facilitates missile
and productivity improvements. RMSC's customers
have been very supportive of the Value Engineering
process. Low-cost design changes have financially
benefitted RMSC, its suppliers, and the Joint Strike
Project Office. Since 1995, AMRAAM Value Engineer-
ing projects are credited with a cost savings of more
than $9 million. These changes focused primarily on
parts reduction including COTS and PEMs.

The Value Engineering process promotes a coopera-
tive teaming environment, and enables RMSC to
reduce unit costs, increase reliability, and improve
system performance on projects. Recent pricingagree-
ments have also provided RMSC and its suppliers
with incentives to develop and implement future cost
reductions.

Management
Best Practices Web Page

When RMSC decided to host a Best Manufacturing
Practices survey, the company searched for a way to
identify those practices which were potential candi-
dates for presentation. The solution was todevelopa
web page as part of the company's Intranet website.
Here, candidate topics could be submitted, reviewed,
and approved as survey presentations. The company
expected approximately 30 practices to be submitted,
but received more than 100 withinaone-month period.

TheBestPractices web page soongrew intoanasset
that proved useful beyond its intended purpose. The
company also added other features, such as search
engines, which expanded the capabilities of this data-
base. The web page's shell is written in HTML.
Informationis submitted in Microsoft Word, and then
converted to the HTML format. The company is
planning on using this web page for various functions
including a training aid; away torecognize employees
and teams for superior accomplishments; and a clear-
inghouse toshowcase RMSC's capabilities, creative-
ness, and strengths since the Hughes merger.




The Best Practices web page enables RMSC to
identify and collect noteworthy practices throughout
the company. RMSC hopes to springboard this tool
into a way of making breakthroughs in new and
developing processes.

Contractor Self-Governance

RMSC and the local DCMC Program Quality repre-
sentatives for the AMRAAM programbegan exploring
the idea of Contractor Self-Governance. This ap-
proach would shift many of the oversight duties of the
local DCMC to RMSC for the AMRAAM program. In
April 1996, the AMRAAM Program Executive Officer
at Wright-Patterson Air Force Base nominated the
approach. As a result, a one-year experiment was
initiated in July 1996 to test the feasibility of Contrac-
tor Self-Governance.

The DCMC Quality and RMSC AMRAAM Quality
organizations jointly conducted the Contractor Self-
Governance experiment. A plan with detailed proce-
dureswasused toidentify whichareasofthe AMRAAM
program would be assumed by the contractor. These
experimental areas were restricted to AMRAAM-
dedicated functions. Any area with a common tie to
another program was excluded from the experiment.
Metrics were set up to measure these areas, and
DCMC provided RMSC with training on quality pro-
cedures. DCMC also performed monthly auditsonthe
experiment's progress.

After one year, the Contractor Self-Governance
experiment indicated nosignificant audit issues and
no degradation in the quality of the AMRAAM pro-
gram. The experiment also received positive feedback
frominternaland external customers. Encouraged by
the results, the groups adopted a continuation plan
whichdiscontinued the monthly reporting and audit-
ingrequirements of the initial experiment.

Although Contractor Self-Governance basically had
no effect on RMSC's process on the AMRAAM pro-
gram, this approach did enhance the company's
awareness of its responsibility for quality. The experi-
ment also enabled DCMC toredirect its workforce to
other projects.

Employee Recognition Day

Avalued and appreciated workforceiscritical tothe
success and future of any business. In 1996, RMSC
expanded its Employee Recognition program by add-
ing an annual Employee Recognition Day. On this
designated day, the company recognizes all employee

contributions which led to the successful achieve-
ment of enterprise goals.

During Employee Recognition Day, organized group
activities (free lunches served by management, publi-
cized achievements) are held throughout the company.
Thisday celebrates the accomplishments of allemploy-
ees, aswell asreinforces the company's Recognitionand
Rewards program. Teams and departments areinvited
todisplay their accomplishments onkudoboards forall
tosee. InDecember 1997, the latest Employee Recogni-
tion Daywas held in conjunction withthe 50thanniver-
sary of Hughes and the consolidation of Hughes Missile,
TexasInstruments, and Raytheon. Theevent wasalso
acelebration which successfully brought closureto the
Hughes Tucson facility and launched the start of the
RMSC Tucsonfacility.

Employee Recognition Day provides a unique oppor-
tunity for the company to recognize employee contribu-
tionsand achievements, as well as improve communi-
cations between management and employees, There-
sponse to the latest celebration exceeded all expecta-
tions. Teamsand departmentsdisplayed more than 700
kudoboards, and attendance surpassed 7,000.

Hourly Technical Membership

In the past, IPTs at RMSC consisted mostly of
managerial and technical experts. Few hourly em-
ployees were asked tojoin. RMSC, in conjunction with
its TEDCs, decided that hourly employees should be
equally represented on all IPTs. The reasoning was
two-fold. Since most products are assembled by hourly
employees, their input during the early phases of
development could greatly reduce costs during pro-
duction. In addition, all employees become more
dedicated and productive when they are treated as
part of the team.

RMSC chose a TEDC that had a fully integrated
team, and used it as a model for others. The method-
ology and results of this prototype team were publi-
cized.throughout the company. Management also
encouraged hourly employees to participateonIPTs,
and other TEDCs recommended technicians from
their group.

By encouraging Hourly Technical Membership,
RMSC realized significant results. Hourly employees
have become stakeholders in the company's products.
Many potential problems are now resolved before the
product reaches the production stage. The company
also reduced rework labor by 10% to 20%; rework
material by 15%; cycle times by 10% to 40%; and
overtime by 10%.
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Internet Website

RMSC'sInternet website is an excellent way for the
company to communicate information, provide ser-
vices, and highlight accomplishments. Two aspects of
thiswebsite are the Human Resources and the Media
Relations web pages.

The Human Resources web page provides a simple
and easy way for Internet visitors to obtain initial
information on the company. Here, job openings at
RMSC are posted, and visitors can make requests for
additional information via e-mail. Like other compa-
nies in the defense market, RMSC gets numerous
requestsfor photographs and videos. The Media Rela-
tions web page enables the company to furnish visi-
tors with up-to-date information and graphics per-
taining toits missile weapon systems. This web page
contains high-solution JPG images of all product lines
manufactured by RMSC, as well as short MPEG and
AVldigital movies that display the systems inopera-
tion. These graphics can be previewed and/or down-
loaded by Internet visitors for publicuse. Ifasharper
image of adigital movieis needed, visitors canrequest
a video tape (typically in Beta format) from the
company. The Media Relations web page provides
RMSCwithacostsavings of $3.00 per photographand
$5.00 per movie. With requests numbering in the
thousands per year, these savings canbe significant.

RMSC's Internet website has other features and
services, including historical background on the com-
pany; information related to community relations;
links to other websites; and the automated rotation of
images on pages so frequent visitors will see a con-
stantly changing website. Potential vendors of RMSC
can also access pertinent information and initiate
contact. RMSC's Internet website was set up by
enlisting the services of a small, start-up web page
company in the local area. This company offered
RMSC afixed price of $25,000 torun and maintainthe
website with unlimited update allowances.

Materials and Processes Engineering

In 1997, RMSC combined the Applications Engi-
neering group and the Laboratory group to form a
single Materials and Processes (M&P) Engineering
team. The Applications Engineering group had con-
sisted of degreed engineers who interfaced with cus-
tomers, provided expertise on M&P selection, partici-
pated on IPTs, and performed failure analyses. The
Laboratory group had consisted mostly of non-degreed
technicians who operated behind the scenes and
provided engineering support to the Applications

74

Engineering group. Although some interaction ex-
isted betweenthe groups, each tended tostayintheir
respective domains which prevented an effective,
synergistic-working relationship from developing.

The creation of a single functional M&P team
enabled RMSC to effectively deploy M&P resources,
and leverage the talents and abilities of itsemployees.
Cross-training was enhanced, whichled to new oppor-
tunities and challenges for employees. RMSC also
streamlined the M&P Engineering team's effort by
developing asingle, company-level practice to govern
M&P selection and control. By distributing and shar-
ing the workload, the boundaries between applica-
tions engineer and laboratory technician became
blurred. As a result, the M&P Engineering team's
productivity improved as well asits turnaround times
and customer satisfaction levels. Increased visibility
with customers and managementenabled employees
to pursue new avenues of advancement.

The M&P Engineering team can handle a 20%
increase in workload by using a streamlined, multi-
functional staff. This approach has beenbeneficial to
RMSC as well as to the employees.

Process Oriented Contract
Administrative Services Program
Management

The Process Oriented Contract Administrative Ser-
vices (PROCAS) program fosters ways toimprove the
working relationships between contractors and the
government. Managed by DCMC, this program was
mandated in 1994.In 1997, RMSC implemented the
PROCAS Program Management as a way to maxi-
mize the opportunities within the PROCAS program.

The company appointed aninternal representative
tointeract with DCMC's PROCAS manager. Inaddi-
tion, ajoint PROCAS Action Teamwas established to
organize and provide oversight of PROCAS activities
withinRMSC. This team is responsible for discussing
problems, developingstrategies, and tasking teams to
work on areas identified as problems or highrisk. The
PROCAS Action Teamreports to asenior-level man-
agement team consisting of executives from RMSC,
DCMC, and the Defense Contract Auditing Agency
{DCAA). RMSC also developed a PROCAS team
worksheet to aid the tasking teams in fulfilling their
assignments. This worksheet enables tasking teams
to identify goals and plans of action, as well as
provides them with ameans of tracking progress and
lessonslearned. As aresult, the amount of time that
a team spends on a task has been reduced from two
years to less than six months.



Since implementing the PROCAS Program Man-
agement, RMSC has realized significant benefits in
its missile programs. This proactive approach refined
many processes, increased the efficiency of operations
at RMSC, and resulted in substantial cost savings.
Communications among RMSC, DCMC, and DCAA
alsoimprovedunder thePROCAS ProgramManagement.

Proposals and Media Support Process
Teaming

The primary function of RMSC's Proposal and
Media Support Services department is to support
proposal publications. Other responsibilities include
multimedia presentations, document reproduction,
graphics design, electronic publishing, and other
related services. Recent restructuring efforts have
significantly reduced the department's personnel with-
outdecreasingits workload. In addition, the workload
fluctuates from less than ten proposal projects to as
much as 40 per year. RMSC wanted to develop a
flexible organizational structure that could acclimate
tothe department's changing needs.

Toaccomplishthisgoal, RMSC shifted its Proposal
and Media Support Services department from a tradi-
tional, vertical organizational structure to a highly
flexible one. This flexible structure permits the rapid
buildup and disbandment of Special Project Support
Teamsas proposal, presentation, graphic, and multi-
medianeedsarise. Inaddition, the approach provides
trueintegrated and shared support functions that are
supported by cross-functional teaming. The goalsare
to maximize available resources; eliminate bottle-
necks and excessive paper handling; address business
cycle fluctuations; serve the needs of the customer;
retain core competencies; eliminate redundancies;
and maximize opportunities for cost savings. During
peak load times, the company outsources some of the
supportservices.

The Proposals and Media Support Process Teaming
focuses on customer needs, utilizes department capa-
bilities, and eliminates the need to draw resources
from core service providers or fill voids with contract
Iabor. Under the new process, RMSC reduced the
number of department managers from 31 to 20,
decreased supervisory positionsby 61%, and increased
in-house production staff by 12%. More than 75% of
special support services are now transferred directly
tothe benefitting organizations.

Purchased Material Inspection

In1994, RMSC developed anautomated Purchased
Material Inspection (PMI) system which can capture
inspection/test requirements and results. This sys-
tern operates at minimal cost, and creates acommon
focus and plan for component inspection and test
information.

RMSC's system consists of modules that record in-
spection/test requirementsandresults, aswell asdefect
material results and resolutions. Other functions in-
clude scheduling material to MRP requirements, and
providing inquiry capability for individual programsby
contract. The PMI system uses COTS software, and
replaces an in-house developed system that required
extensive continual support. RMSC estimates its an-
nual savings at more than $6,600.

The PMI system is managed and administered at
one source, but has been implemented at various
offsitefacilities. Thisarrangementreduces cycle times
by two days. Communication with legacy systems
alsoexists. The PMIsystemis adjustable tochanging
business practices, provides accountability of quality
material, and details the efficiency of the receiving
and inspection/test processes at RMSC.

Software Quality Assurance Tools

In 1993, RMSC's Software Quality Assurance group
developed an application which uniformly reports the
software quality metrics across multiple programs.
This data collection and reporting application stan-
dardizes the metrics of project and process data, while
reducing the report preparation time. Criteria devel-
oped for this application was derived from ISO and
Capabilities Maturity Model metricelements. RMSC
uses a database to identify defects, defect types,
projects, and organizations as well as associated
Software Quality Assurance manpower and funding
projections. These activity-based projections enable
users to centrally collect and report common metrics.

The Software Quality Assurance tools offer consis-
tent, prompt access and storage of software quality
assurance metrics, and provide reports to customers
and project/management personnel. Defect data per-
mits users totailor their quality assurance efforts for
best results. Compliance datais available for projects,
organizations, and activity metrics. Problem areas,
risks, and corrective actions can alsobe derived from
database information. By using thisapplication, RMSC
expects to make its Software Quality Assurance
functions more proactive and process-focused.
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Streamlining Interconnect Test
Requirements

Per RMSC specifications, all interconnect products
purchased for production use were required to un-
dergo Group B and/or Group C testing. The company,
however, began examining these test requirements
as an acquisition reform initiative. After reviewing
the process, RMSC determined that these tests were
non-value added procedures which lengthened the
lead-times for interconnects purchased for production
use. Historical data from these tests also indicated
that the suppliers of the interconnects had optimized
the designofthese parts, and implemented manufac-
turing process controls to ensure that the intercon-
nects would perform to RMSC's requirements.

InFebruary 1998, RMSC began waiving Group B
and/or Group C testing requirements for interconnect
productsused onall programs. By streamlining these
requirements, the company reduced the costs and
lead times associated with procuring interconnect
products. As of August 1998, RMSC achieved a cost
savings of more than $80,000.

University Liaison Program Plan

RMSC has developed a company-wide, coordinated
program plan whose purpose is to build partnerships
withschools, colleges, universities, and its employees
toleverage technology, stimulate life-long learning,
and nurture diversity. Using a team of engineering
and humanresources personnel, the University Liai-
son Program plan focuses on recruiting, education,
diversity, and technology. This team has also devel-
oped an Involvement Continuum as a way to reach
more graduates from targeted schools, increase the
number of minorities inengineering disciplines, and
support RMSC's Small and Disadvantaged Business
program. The ultimate goal is to make RMSC an
employer of choice.

Various university liaison programs have existed in
thelegacy companies that make up RMSC. However,
this recently-developed program plan is designed to
manage and leverage relationships across the entire,
expanded company. In addition, the plan assures
maximum effectiveness indirecting RMSC's resources
toward college and pre-college, thereby obtaining
greater return on its investments in human and
financial terms.

RMSC's efforts in this area have already been
successful. The company obtained additional state
funding and fostered acommon, statewide master of
science degree inengineering at three Arizona state
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universities. Once the University Liaison Program
plan is funded, RMSC will be poised to achieve its
goals of creating partnerships with selected universi-
ties; assisting them with funding and guidance in
nurturing highly-qualified graduates; expanding sum-
mer intern and co-op experiences to better prepare
students for future industry employment; and achiev-
ingsignificantjoint efforts with historically black and
Hispaniccolleges, universities, and institutions.

Video Teleconferencing Center

Videoteleconferencing is a method of visually and
audibly linking multiple conference sites by using a
standard dial-up telephone system. Cameras are used
tosend images of the attendees as well as to transmit
slide images, documents, and video tapes tothe linked
sites. Over the years, RMSC's evolving video telecon-
ferencing capability has improved its communica-
tions with other sites and reduced travel expenses.

The origin of video teleconferencing at the Tucson
site began in 1981 when the facility was known as
Hughes Missile Systems. The first link was set up
between the Manufacturing Business Unitin Tucson,
Arizonaand the Engineering Business Unitin Canoga
Park, California — a distance of 500 miles. The
insight demonstrated by Hughes (now RMSC) touse
video teleconferencing was ahead of its time. In 1981,
videoteleconferencing was limited toblack and white,
used a frame-capture system, and required 45 sec-
onds totransmit a picture. The company advanced to
a full color version with a five-second frame rate in
1983, and a simulated live TV version with a four-
second frame rate in 1986. By 1987, all ofits business
unitswere linked. Because of Hughes' early pioneer-
ing efforts to pursue this technology, video teleconfer-
encing has become an efficient and effective business
tool. This readily-available COTS product is now used
throughout the world.

Today, Raytheon has approximately 114 rooms
within the corporation that are equipped with video
teleconferencing capability and compatible dial-up
systems. Eight Video Teleconferencing Centers (VICs)
arelocated at the Tucsonsite: two inexecutiverooms,
one each in engineering and the Knowledge Center
Southwest, and four dedicated to the AMRAAM,
Tomahawk, AIM-9X, and TOW programs. These
VTCsareavailable toalllevels of personnel who have
special communication needs.

Video teleconferencing continues to pay great divi-
dends to RMSC. These benefits include improving
communications throughimmediate face-to-face meet-
ings; achieving a higher level of participation from



employees; producing cost savings through reduced
travel time; minimizing delays by encouraging on-
the-spot decision making; and developing closer ties
between the company and the customer.

Vision 2000

Vision 2000is a visual alignment tool that provides
information on RMSC's vision, goals, and account-
abilities. This shared visionis part ofeverything that
represents RMSC; forms the basis for its strategic
plans and annual goals; and provides the framework
formanagingitsenterprise. Figure 3-5shows RMSC's
Vision 2000 chart.

After merging with General Dynamicsin 1993 and
consolidating the missile design/manufacturinglines
from five sites to a single one at Tucson, the new
organization needed acommonfocus. Vision 2000 was
developed by a cross-functional team of employees

whoworked closely with management for six months.
Since then, this tool has become the overarching
guide for change and improvement at RMSC.

Vision 2000 enables RMSC to concentrate on the
five focus areas (customer satisfaction, competitive-
ness, quality, people development, and financial per-
formance) that are important to the company's over-
all business. Results in these focus areas have been
impressive, including decreases in manufacturing
cycle time, and a 50% reduction in defects per year for
the past four years. Because of its significant impact
on improving all aspects of company performance,
thisalignment tool has been implemented by many of
RMSC's customer groups, as well as adopted as a
strategic planning tool by Davis Monthan Air Force
Base. Vision 2000 has proven to be an effective and
flexible tool for organizational alignment, and can
adjust to new initiatives as they are employed in the
fivefocus areas.

What We Want To Be

What We Believe In

What We Are + VISION Embraced by all Employees
Accountable * Focus on PEOPLE Development « Continuous Performance MEASUREMENT
For s Effective COMMUNICATION  LEADERSHIP that "Walks the Talk"
CHANGE PROCESS
Our Focus “Customer | T | | Financial
Satisfaction | - Competitiveness 4 Quality Jevelopment - Performance
How We'll Achieve 100% on | Improve Cycle Time | Reduce Defects Quarterly 100% Achievement
Know We're Cost, Quality and On Our Processes 2X Per Year Assessment of On Our
Successful Delivery By 2X Per Year Effectiveness Commitments
N’ —_—4 N AN /|
* Measurement and | e Product Deployment | e Integrated * Communication s Sales
Focus‘ o Agile Manufacturing f\mﬁ;sst . » Recognition * RONA
How We'll * Commltmel"\ts. e Business Process .l srz) 9;:: i » Training « Eamnings
ow Vve ¢ Communication Modermnization o ) » Workforce Diversity ) e Working Capital
Do it * Responsiveness )o Acquisition Reform * Six Sigma Design [ | Career Development Improvement
* involvement » Coyote Works * Knowledge Center | Union/Management | ® New Orders
¢ Technology Roadmaps Partnership
o Ethics Programs

Figure3-5. Vision2000
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Appendix A
Table of Acronyms

Acronym Definition

6DOF SixDegrees of Freedom

ACS Automated Calibration System

AFP44 Air Force Plant 44

AMF Advanced Modular Factory

AMRAAM Advanced Medium Range Air-to-Air Missile
AP21 Acquisition Pollution Prevention Initiative
ATE Automated Test Equipment

AUR AllUp Round

BST Boundary Scan Test

CAB Corrective Action Board

CAD Computer Aided Design

CALV CostasanIndependent Variable

CDRL Contract DataRequirements List

CEP Career Enrichment Program

CIMS Components Information Management System
CITIS Contractor Integrated Technical Information Service
COTS Commercial-Off-The-Shelf

CPA Cooperative Program Agreement

CPAT Corrective and Preventive Action Team

CRB Change Review Board

CSp Chemical Strategies Partnership

DCAA Defense Contract Auditing Agency

DCC Dependent Care Connection

DCE Dichloroethylene

DCMC Defense Contract Management Command
DFE DesignFor Environment

DMS Diminishing Manufacturing Sources

DOD Department of Defense

DOE Design of Experiment

DPE Dual Phase Extraction

EDI Electronic Data Interchange

EH&S Environmental, Health, and Safety

EISM Enterprise Information Systems Management
EOSPA Electro-Optic Sensors and Precision Assembly
EPA Environmental Protection Agency

ESCo Energy Services Company

ESPC Energy Saving Performance Contracting
ESSM Evolved Sea Sparrow Missile

FACO Final Assembly Checkout
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A2

Acronym

GAC
GPM
GSI
GSS

HAP
HHW
HMA

IFS
IMP
IPA
IPD
1IPPD
IPT
IRAD
IT
ITAR
IWTP

JACME?T

KCC
KCDS
KCSwW
KPC

LAI
LAMOTT
LEAP
LEM

MDA
MOST
MOU
M&P
MRP
MVP

NATO
NESHAP

P2
PCAT
PDM
PEM
PI
PIM

Definition

Granular Activated Carbon
Gallons Per Minute

Government Source Inspection
Government Source Surveillance

Hazardous Air Pollutant
Household Hazardous Waste
Hybrid Microelectronic Assembly

Integrated Flight Simulation

Integrated Master Planning

Integrated Process Architecture

Integrated Product Development

Integrated Product and Process Development
Integrated Product Team

Independent Research and Development
Information Technology

International Trafficin Arms Regulations
Industrial Wastewater Treatment Plant

Joint Arizona Consortium - Manufacturing and Engineering Education for

Tomorrow

Key Control Characteristic

Key Characteristic Designation System
Knowledge Center Southwest

Key Product Characteristic

Lean Aerospace Initiative

Lay A Missile On The Table
Lightweight Exo-Atmospheric Projectile
LeanEnterprise Model

Methylenedianiline

Missile Object-oriented Simulation Tool
Memorandum of Understanding
Materials and Processes
Manufacturing Resource Planning
Manufacturing Verification Program

North Atlantic Treaty Organization
National Emission Standard for Hazardous Air Pollutants

Pollution Prevention

Process Capability Analysis Tool
Product DataManagement
Plastic Encapsulated Microcircuit
Performance Index

Product Information Management



Acronym

PIP

PMI
P/MMT
POC
PPPIG
PPR
PPV
PROCAS

QFD

RAM
REPC
RMSC

SEMP
SEPP
SLIC
SPC
SPI

TCE
TDP
TEDC
TIES
TOW
TRB

UCAB
UuUT

VOC
VTC

WIP

Definition

Process Improvement Program

Purchased Material Inspection

Parts/Material Management Team

Point of Contact

Product, Process, and Performance Improvement Group
Production Plan Review

Parts Presentation Vehicle

Process Oriented Contract Administrative Services

Quality Function Deployment

Rolling Airframe Missile
Raytheon Electronics Packaging Consortium
Raytheon Missile Systems Company

Strategic Energy Management Plan

Software Engineering Practices and Procedures
Supplier Liaison Information Control
Statistical Process Control

Single Process Initiative

Trichloroethylene

Technical Data Package

Test Equipment Design Center

Totally Integrated Enterprise System
Tube-launched, Optically-tracked, Wire-guided
Technical Review Board

Unified Community Advisory Board
Unit Under Test

Volatile Organic Contaminant
Video Teleconferencing Center

Work InProgress
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Appendix B
BMP Survey Team

Team Member

Larry Robertson
(812) 854-5336

CheriSpencer
(301)403-8100

Caryl Lummis
(301) 403-8100

Paula Hauser
(812)854-6649

Nick Keller
(812)854-5331

Don Hill
(317)306-3781

Don Livingston
(812)854-5157

Jack Tamargo
(707) 642-4267

Bob Harper
(301)403-8100

Bob Cale
(518) 266-5300

MikeBond
(909)273-5324

Dan Carlson
(309) 782-6475

Activity

Crane Division
Naval Surface Warfare Center
Crane, IN

BMP Center of Excellence
College Park,MD

BMP Center of Excellence
College Park, MD

Naval Surface Warfare Center
Crane, IN

Team 1

Naval Surface Warfare Center
Crane, IN

Raytheon Systems Company
Indianapolis, IN

Naval Surface Warfare Center
Crane, IN

BMP Satellite Center
Vallejo, CA

Team 2

BMP Center of Excellence
College Park, MD

Watervliet Arsenal
Watervliet, NY

Naval Warfare Assessment Station

Corona, CA

Headquarters, U.S. Army
Industrial Operations Command
Rock Island, IL

Function

Team Chairman

Technical Writer

Technical Writer

Technical Writer

TeamLeader

Team Leader
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LarryHalbig
(317) 306-3838

Anne Marie SuPrise
(301)403-8100

Brian Willoughby
(301)403-8100

Jack McInnis
(703)271-9055

Darrel Brothersen
(319)295-3768

DanFazekas
(703) 271-9055

Mark Hancock
(301)403-8100

Elaine Geisler
(909) 273-4991

Mark Barclay
(732) 323-1182

Rose Thun
(301)403-8100

Nick Tambakis
(301) 403-8100

Mike Cisneros
(909)273-5471
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Team 3

Raytheon Systems Company TeamLeader
Indianapolis, IN

BMP Center of Excellence
College Park, MD

BMP Center of Excellence
College Park, MD

Production Technology, Inc.
Arlington, VA

Team 4

Rockwell Collins Avionics & TeamLeader
Communications
Cedar Rapids, IA

Production Technology, Inc.
Arlington, VA

BMP Center of Excellence
College Park, MD

Naval Warfare Assessment Center
Corona, CA

Team 5

Naval Air Warfare Center Team Leader
Lakehurst, NJ

BMP Center of Excellence
College Park, MD

BMP Center of Excellence
College Park, MD

Naval Warfare Assessment Center
Corona, CA



Rick Purcell
(301)403-8100

Charlie Minter
(301) 403-8100

Greta Gadson
(703) 271-9055

Sarah Mitchell
(703) 271-9055

Team 6

BMP Center of Excellence TeamLeader
College Park, MD

BMP Center of Excellence
College Park, MD

Production Technology, Inc.
Arlington, VA

Production Technology, Inc.
Arlington, VA
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Appendix C

Critical Path Templates and BMP Templates

This survey was structured around and concen-
trated on the functional areas of design, test, pro-
duction, facilities, logistics, and management as
presented in the Department of Defense 4245.7-M,
Transition from Development to Production docu-
ment. This publication defines the proper tools—or
templates—that constitute the critical path for a
successful material acquisition program. It de-
scribes techniques for improving the acquisition

process by addressing it as an Zndusirial process
that focuses on the product’s design, test, and pro-
duction phases which are interrelated and interde-
pendent disciplines.

The BMP program has continued to build on
this knowledge base by developing 17 new tem-
plates that complement the existing DOD 4245.7-
M templates. These BMP templates address new
or emerging technologies and processes.

“CRITICAL PATH TEMPLATES

FOR

TRANSITION FROM DEVELOPMENT TO PRODUCTION”

PRODUCT
L
FUNDING
|
I | I | | 1
DESIGN TEST PRODUCTION FACILITIES LOGISTICS MANAGEMENT
DESIGH BEFERENCE| | INTEGRATED | MANUFACTURING | MODERNIZATION L] STy | | MANUFACTURING
PROFILE TesT PLAN ANALYSIS STRATEGY
DESIGN
REQUIREMENTS FAILURE QUALIFY
TRADE | | | FACTORY | manPOWER & PERSONNEL
STUDIES REPORTING MANUFACTURING 1 IMPROVEMENTS PERSONNEL REQUIREMENTS
SYSTEM PROCESS
DESIGN
POLICY
DESIGN || B UNIFORM | | PlecE pART PRODUCTIVITY | | SuFRoRTA DATA
PROCESS REESRT CONTROL CENTER CQUIMENT REQUIREMENTS
| | DESIGN
PARTS & ANALYSIS
] SOFTWARE SUBCONTRACTOR FIELD VISITS/ TRAINING TECHNICAL
MATERIALS - ey - SR TR O s - MATERIALS & - RISK
SELECTION EQUIPMENT ASSESSMENT
1 SOFTWARE
°°;‘.§‘;T,ER' - | DESIGN n DEFECT | SPARES PRODUCTION
DESIGN LIMIT CONTROL
DESIGN FOR
TESTING
wn L K - [ o eomon | L[ o
TesT PLANNING MANUALS FOR SYSTEM
|| coNFiIGURATION
CONTROL
DESIGN | | TEST, ANALYZE & SPECIAL TEST LogIsTicS PREPARE
EVIE 1 FiX (TAAR) | EQUIFMENT (STE} M o NALYSIS -] REQUIREMENT
DOCUMENTATION DOCUMENTS
DESIGN
RELEASE
8READ BOARD | | FIELD By QUALITY
DEVELOPMENT FEEDBACK ul ASSURANCE
CONCEPT
4 stubEss
BRASS BOARD ANALYSIS JEMR MANUFACTURING DESIGN/
DEVELOPMENT || B DEE‘;EE'-é’U"TYg:W | SCREENING -1 miLESTONE
SPECIFICATION DEV/| REVIEW PLANNING
— L} “ALLocaTion
VALIDATION
DEVELOPMENT & | ShiuLaToR | FRsReation MAKE OR BUY
REVIEW DECISIONS
DESIGN FOR
ASSEMBLY
ENVIRONMENTAL
ISSUES
I——-— NEW PMWS
TRANSITION PLAN TEMPLATES
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Appendix D

BMPnet and the Program Manager's WorkStation

The BMPnet, located at the Best Manufacturing
Practices Center of Excellence (BMPCOE) in Col-
lege Park, Maryland, supports several communica-
tion features. These features include the Program
Manager's WorkStation (PMWS), electronic mail
and file transfer capabilities, as well as access to
Special Interest Groups (SIGs) for specific topic
information and communication. The BMPnet can
be accessed through the World Wide Web (at
http://www.bmpcoe.org), through free software that
connects directly over the Internet or through a
modem. The PMWS software is
also available on CD-ROM.

nel in creating specifications for their requirements,
and is structured for the build/approval process.
SpecRite’s knowledge-based guidance and assis-
tance structure is modular, flexible, and provides
output in MIL-STD 961D format in the form of
editable WordPerfect® files.

TRIMS, based on DoD 4245.7-M (the transition
templates), NAVSO P-6071, and DoD 5000 event-
oriented acquisition, helps the user identify and
rank a program’s high-risk areas. By helping the
user conduct a full range of risk assessments through-
out the acquisition process,
TRIMS highlights areas where

PMWS provides users with
timely acquisition and engi-
neering information through a
series of interrelated software
environments and knowledge-
based packages. The main
components of PMWS are
KnowHow, SpecRite, the Tech-
nical Risk Identification and
Mitigation System (TRIMS),
and the BMP Database.

KnowHow is an intelligent,
automated program that pro-
vides rapid access to informa-
tion through an intelligent
search capability. Information
currently available in KnowHow handbooks in-
cludes Acquisition Streamlining, Non-Development
Items, Value Engineering, NAVSO P-6071 (Best
Practices Manual), MIL-STD-2167/2168 and the
DoD 5000 series documents. KnowHow cuts docu-
ment search time by 95%, providing critical, user-
specific information in under three minutes.

SpecRite is a performance specification genera-
tor based on expert knowledge from all uniformed
services. This program guides acquisition person-

1. KNOWLEDGE
—:2. INSIGHT -
3. EXPERIENCE ~

p 2B
2 =)

L.l

corrective action can be initi-
ated before risks develop into
problems. It also helps users
track key project documenta-
tion from concept through pro-
ductionincluding goals, respon-
sible personnel, and next ac-
tion dates for future activities.

The BMP Database con-
tains provenbest practices from
industry, government, and the
) & academic communities. These
,.E’ ) \  best practices are in the areas

: of design, test, production, fa-
cilities, management, and lo-
gistics. Each practice has been
observed, verified, and documented by a team of
government experts during BMP surveys.

Access to the BMPnet through dial-in or on Inter-
net requires a special modem program. This pro-
gram can be obtained by calling the BMPnet Help
Desk at (301) 403-8179 or it can be downloaded from
the World Wide Web at http://www.bmpcoe.org. To
receive a user/e-mail account on the BMPnet, send
a request to helpdesk@bmpcoe.org.
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Appendix E

Best Manufacturing Practices Satellite Centers
15895088 ——2202442525255222EEEEEEEEE222EEE2EPEEEEEEEE—————————————

There are currently nine Best Manufacturing Practices (BMP) satellite centers that provide representa-
tion for and awareness of the BMP program to regional industry, government and academic institutions.
The centers also promote the use of BMP with regional Manufacturing Technology Centers. Regional
manufacturers can take advantage of the BMP satellite centers to help resolve problems, as the centers host
informative, one-day regional workshops that focus on specific technical issues.

Center representatives also conduct BMP lectures at regional colleges and universities; maintain lists of
experts who are potential survey team members; provide team member training; identify regional experts
for inclusion in the BMPnet SIG e-mail; and train regional personnel in the use of BMP resources such as
the BMPnet.

The nine BMP satellite centers include:

California Iowa

Chris Matzke Bruce Coney

BMP Satellite Center Manager Program Manager

Naval Warfare Assessment Division Iowa Procurement Qutreach Center

Code QA-21, P.0O. Box 5000 200 East Grand Avenue

Corona, CA 91718-5000 Des Moines, IA 50309

(909) 273-4992 (515) 242-4888

FAX: (909) 273-4123 FAX: (515) 242-4893

cmatzke@bmpcoe.org bruce.coney@ided.state.ia.us

Jack Tamargo Louisiana

BMP Satellite Center Manager

257 Cottonwood Drive ® D r Kenneth L. McManis

Vallejo, CA 94591 Director ,
(707) 642-4267 Maritime Environmental Resources & Information
FAX: (707) 642-4267 Center

Gulf Coast Region Maritime Technology Center
University of New Orleans
810 Engineering Building

jtamargo@bmpcoe.org

District of Columbia New Orleans, LA 70149
Chris Weller (504) 280-6271
BMP Satellite Center Manager FAX: (504) 280-5586
U.S. Department of Commerce kimce@uno.edu
14th Street & Constitution Avenue, NW
Room 3876 BXA Michigan
Washington, DC 20230 Maureen H. Reilly
(202) 482-8236/3795 SAE/BMP Satellite Center Manager
FAX: (202) 482-5650 755 W. Big Beaver Road, Suite 1600
cweller@bxa.doc.gov Troy, MI 48084
(724) 772-8564
Illinois FAX: (724) 776-0243
Thomas Clark reilly@sae.org
BMP Satellite Center Manager Roy T. Trent
Rock Valley College SAE/BMP Automotive Manufacturing Initiative
3301 North Mulford Road Manager
Rockford, IL 61114 755 W. Big Beaver Road, Suite 1600
(815) 654-5515 Troy, MI 48084
FAX: (815) 654-4459 (248) 273-2455
adme3tc@rvcuxl.rvc.cc.il.us FAX: (248) 273-2494

bounder@ees.eesc.com



Pennsylvania

Sherrie Snyder

BMP Satellite Center Manager
MANTEC, Inc.

P.O. Box 5046

York, PA 17405

(717) 843-5054, ext. 225

FAX: (717) 854-0087
snyderss@mantec.org

Tennessee

Tammy Graham

BMP Satellite Center Manager
Lockheed Martin Energy Systems
P.O. Box 2009, Bldg. 9737

M/S 8091

Oak Ridge, TN 37831-8091

{423) 576-5532

FAX: (423) 574-2000
tgraham@bmpcoe.org




Appendix F

Navy Manufacturing Technology Centers of Excellence

The Navy Manufacturing Sciences and Technology Program established the following Centers of
Excellence (COEs) to provide focal points for the development and technology transfer of new manufactur-
ing processes and equipment in a cooperative environment with industry, academia, and Navy centers and
laboratories. These COEs are consortium-structured for industry, academia, and government involvement
in developing and implementing technologies. Each COE has a designated point of contact listed below with

the individual COE information.

Best Manufacturing Practices Center
of Excellence

The Best Manufacturing Practices Center of Excel-
lence (BMPCOE) provides a national resource to
identify and promote exemplary manufacturing and
business practices and to disseminate this informa-
tion to the U.S. Industrial Base. The BMPCOE was
established by the Navy's BMP program, Depart-
ment of Commerce’s National Institute of Stan-
dards and Technology, and the University of Mary-
land at College Park, Maryland. The BMPCOE
improves the use of existing technology, promotes
the introduction of improved technologies, and pro-
vides non-competitive means to address common
problems, and has become a significant factor in
countering foreign competition.

Point of Contact:

Mr. Ernie Renner

Best Manufacturing Practices Center of

Excellence

4321 Hartwick Road

Suite 400

College Park, MD 20740

(301) 403-8100

FAX: (301) 403-8180

ernie@bmpcoe.org

Center of Excellence for Composites
Manufacturing Technology

The Center of Excellence for Composites Manufac-
turing Technology (CECMT) provides a national
resource for the development and dissemination of
composites manufacturing technology to defense
contractors and subcontractors. The CECMT is
managed by the Great Lakes Composites Consor-
tium and represents a collaborative effort among
industry, academia, and government to develop,
evaluate, demonstrate, and test composites manu-
facturing technologies. The technical work is prob-
lem-driven to reflect current and future Navy needs
in the composites industrial community.

Point of Contact:

Mr. James Ray

Center of Excellence for Composites Manufacturing
Technology

c/o GLCC, Inc.

103 Trade Zone Drive
Suite 26C

West Columbia, SC 29170
(803) 822-3708

FAX: (803) 822-3710
jrglec@glec.org

Electronics Manufacturing Productivity
Facllity

The Electronics Manufacturing Productivity Facil-
ity (EMPF) identifies, develops, and transfers inno-
vative electronics manufacturing processes to do-
mestic firms in support of the manufacture of afford-
able military systems. The EMPF operates as a
consortium comprised of industry, university, and
government participants, led by the American Com-
petitiveness Institute under a CRADA with the
Navy.

Point of Contact:

Mr. Alan Criswell

Electronics Manufacturing Productivity Facility

One International Plaza

Suite 600

Philadelphia, PA 19113

(610) 362-1200

FAX: (610) 362-1290

criswell@aci-corp.org

National Center for Excellence in
Metalworking Technology

The National Center for Excellence in Metalworking
Technology (NCEMT) provides a national center for
the development, dissemination, and implemen-
tation of advanced technologies for metalworking
products and processes. The NCEMT, operated by
Concurrent Technologies Corporation, helps the
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Navy and defense contractorsimprove manufacturing
productivity and part reliability through
development, deployment, training, and education
for advanced metalworking technologies.

Point of Contact:

Mr. Richard Henry

National Center for Excellence in Metalworking

Technology

c/o Concurrent Technologies Corporation

100 CTC Drive

Johnstown, PA 15904-3374

(814) 269-2532

FAX: (814) 269-2501

henry@ctc.com

Navy Joining Center

The Navy Joining Center (NJC) is operated by the
Edison Welding Institute and provides a national
resource for the development of materials joining
expertise and the deployment of emerging manufac-
turing technologies to Navy contractors, subcon-
tractors, and other activities. The NJC works with
the Navy to determine and evaluate joining technol-
ogy requirements and conduct technology develop-
ment and deployment projects to address these
issues.

Point of Contact:

Mr. David P. Edmonds

Navy Joining Center

1250 Arthur E. Adams Drive

Columbus, OH 43221-3585

(614) 688-5096

FAX: (614) 688-5001

dave_edmonds@ewi.org

Energetics Manufacturing Technology
Center

The Energetics Manufacturing Technology Center
(EMTC) addresses unique manufacturing processes
and problems of the energetics industrial base to
ensure the availability of affordable, quality, and
safe energetics. The focus of the EMTC is on process

technology with a goal of reducing manufacturing
costs while improving product quality and reliabil-
ity. The EMTC also maintains a goal of development
and implementation of environmentally benign en-
ergetics manufacturing processes.

Point of Contact:

Mr. John Brough

Energetics Manufacturing Technology Center
Indian Head Division

Naval Surface Warfare Center
101 Strauss Avenue

Building D326, Room 227
Indian Head, MD 20640-5035
(301) 744-4417

DSN: 354-4417

FAX: (301) 744-4187
mt@command.ih.navy.mil

Institute for Manufacturing and
Sustainment Technologies

The Institute for Manufacturing and Sustainment
Technologies (iMAST), was formerly known as
Manufacturing Science and Advanced Materials
Processing Institute. Located at the Pennsylvania
State University's Applied Research Labortory,
the primary objective of iMAST is to address chal-
lenges relative to Navy and Marine Corps weapon
system platforms in the areas of mechnical drive
transmission techologies, materials science tech-
nologies, high energy processing technologies, and
repair technology.

Point of Contact:

Mr. Henry Watson

Institute for Manufacturing and Sustainment

Technologies

ARL Penn State

P.O. Box 30

State College, PA 16804-0030

(814) 865-6345

FAX: (814) 863-1183

hewZ2@psu.edu



National Network for Electro-Optics
Manufacturing Technology

The National Netowork for Electro-Optics Manu-
facturing Technology (NNEOMT), a low overhead
virtual organization, is a national consortium of
electro-optics industrial companies, universities,
and government research centers that share their
electro-optics expertise and capabilities through
project teams focused on Navy requirements.
NNEOMT is managed by the Ben Franklin Tech-
nology Center of Western Pennsylvania.

Point of Contact:

Dr. Raymond V. Wick

National Network for Electro-Optics Manufacturing
Technology

One Parks Bend

Box 24, Suite 206

Vandergrift, PA 15690

(724) 845-1138

FAX: (724) 845-2448

wick@nneomt.org

Gulf Coast Region Maritime Technology
Center

The Gulf Coast Region Maritime Technology Cen-
ter (GCRMTC) is located at the University of New
Orleans and focuses primarily on product develop-
ments in support of the U.S. shipbuilding industry.
A sister site at Lamar University in Orange, Texas
focuses on process improvements.

Point of Contact:

Dr. John Crisp, P.E.

Gulf Coast Region Maritime Technology Center
University of New Orleans

College of Engineering

Room EN-212

New Orleans, LA 70148

(504) 280-5586

FAX: (504) 280-3898

jncme@uno.edu

Manufacturing Technology Transfer Center

The focus of the Manufacturing Technology Trans-
fer Center (MTTC) is to implement and integrate
defense and commercial technologies and develop a
technical assistance network to support the Dual
Use Applications Program. MTTC is operated by
Innovative Productivity, Inc., in partnership with
industry, government, and academia.

Point of Contact:

Mr. Raymond Zavada

Manufacturing Technology Transfer Center

119 Rochester Drive

Louisville, KY 40214-2684

(502) 452-1131

FAX: (502) 451-9665

rzavada@mttc.org




Appendix G
Completed Surveys

As of this publication, 109 surveys have been conducted and published by BMP at the companies listed
below. Copies of older survey reports may be obtained through DTIC or by accessing the BMPnet. Requests
for copies of recent survey reports or inquiries regarding the BMPnet may be directed to:

Best Manufacturing Practices Program
4321 Hartwick Rd., Suite 400
College Park, MD 20740
Attn: Mr. Ernie Renner, Director
Telephone: 1-800-789-4267
FAX: (301) 403-8180
ernie@bmpcoe.org

1985 Litton Guidance & Control Systems Division - Woodland Hills, CA

1986 Honeywell, Incorporated Undersea Systems Division - Hopkins, MN (Alliant TechSystems, Inc.)
Texas Instruments Defense Systems & Electronics Group - Lewisville, TX
General Dynamics Pomona Division - Pomona, CA
Harris Corporation Government Support Systems Division - Syosset, NY
IBM Corporation Federal Systems Division - Owego, NY
Control Data Corporation Government Systems Division - Minneapolis, MN

1987 Hughes Aircraft Company Radar Systems Group - Los Angeles, CA
ITT Avionics Division - Clifton, NJ
Rockwell International Corporation Collins Defense Communications - Cedar Rapids, TA
UNISYS Computer Systems Division - St. Paul, MN (Paramax)

1988 Motorola Government Electronics Group - Scottsdale, AZ
General Dynamics Fort Worth Division - Fort Worth, TX
Texas Instruments Defense Systems & Electronics Group - Dallas, TX
Hughes Aircraft Company Missile Systems Group - Tucson, AZ
Bell Helicopter Textron, Inc. - Fort Worth, TX
Litton Data Systems Division - Van Nuys, CA
GTE C?® Systems Sector - Needham Heights, MA

1989 MecDonnell-Douglas Corporation McDonnell Aircraft Company - St. Louis, MO
Northrop Corporation Aircraft Division - Hawthorne, CA
Litton Applied Technology Division - San Jose, CA
Litton Amecom Division - College Park, MD
Standard Industries - LaMirada, CA
Engineered Circuit Research, Incorporated - Milpitas, CA
Teledyne Industries Incorporated Electronics Division - Newbury Park, CA
Lockheed Aeronautical Systems Company - Marietta, GA
Lockheed Corporation Missile Systems Division - Sunnyvale, CA
Westinghouse Electronic Systems Group - Baltimore, MD
General Electric Naval & Drive Turbine Systems - Fitchburg, MA
Rockwell International Corporation Autonetics Electronics Systems - Anaheim, CA
TRICOR Systems, Incorporated - Elgin, IL

1990 Hughes Aircraft Company Ground Systems Group - Fullerton, CA
TRW Military Electronics and Avionics Division - San Diego, CA
MechTronics of Arizona, Inc. - Phoenix, AZ
Boeing Aerospace & Electronics - Corinth, TX
Technology Matrix Consortium - Traverse City, MI
Textron Lycoming - Stratford, CT



1991

Resurvey of Litton Guidance & Control Systerns Division- Woodland Hills, CA

Norden Systems, Inc. - Norwalk, CT

Naval Avionics Center - Indianapolis, IN

United Electric Controls - Watertown, MA

Kurt Manufacturing Co. - Minneapolis, MN

MagneTek Defense Systems - Anaheim, CA

Raytheon Missile Systems Division - Andover, MA

AT&T Federal Systems Advanced Technologies and AT&T Bell Laboratories - Greensboro, NC and Whippany, NJ
Resurvey of Texas Instruments Defense Systems & Electronics Group - Lewisville, TX

1992

Tandem Computers - Cupertino, CA

Charleston Naval Shipyard - Charleston, SC

Conax Florida Corporation - St. Petersburg, FL

Texas Instruments Semiconductor Group Military Products - Midland, TX
Hewlett-Packard Palo Alto Fabrication Center - Palo Alto, CA

Watervliet U.S. Army Arsenal - Watervliet, NY

Digital Equipment Company Enclosures Business - Westfield, MA and Maynard, MA
Computing Devices International - Minneapolis, MN

(Resurvey of Control Data Corporation Government Systerns Divisior)

Naval Aviation Depot Naval Air Station - Pensacola, FL

1993

NASA Marshall Space Flight Center - Huntsville, AL

Naval Aviation Depot Naval Air Station - Jacksonville, FL

Department of Energy Oak Ridge Facilities (Operated by Martin Marietta Energy Systems, Inc.) - Oak Ridge, TN
McDonnell Douglas Aerospace - Huntington Beach, CA

Crane Division Naval Surface Warfare Center - Crane, IN and Louisville, KY

Philadelphia Naval Shipyard - Philadelphia, PA

R. J. Reynolds Tobacco Company - Winston-Salem, NC

Crystal Gateway Marriott Hotel - Arlington, VA

Hamilton Standard Electronic Manufacturing Facility - Farmington, CT

Alpha Industries, Inc. - Methuen, MA

1994

Harris Semiconductor - Melbourne, FL

United Defense, L.P. Ground Systems Division - San Jose, CA
Naval Undersea Warfare Center Division Keyport - Keyport, WA
Mason & Hanger - Silas Mason Co., Inc. - Middletown, IA

Kaiser Electronics - San Jose, CA

U.S. Army Combat Systems Test Activity - Aberdeen, MD
Stafford County Public Schools - Stafford County, VA

1995

Sandia National Laboratories - Albuquerque, NM

Rockwell Defense Electronics Collins Avionics & Communications Division - Cedar Rapids, IA
(Resurvey of Rockwell International Corporation Collins Defense Communications)
Lockheed Martin Electronics & Missiles - Orlando, FL.

McDonnell Douglas Aerospace (St. Louis) - St. Louis, MO

(Resurvey of McDonnell-Douglas Corporation McDonnell Aircrafi Company)
Dayton Parts, Inc. - Harrisburg, PA

Wainwright Industries - St. Peters, MO

Lockheed Martin Tactical Aircraft Systems - Fort Worth, TX

(Resurvey of General Dynamics Fort Worth Division)

Lockheed Martin Government Electronic Systems - Moorestown, NJ

Sacramento Manufacturing and Services Division - Sacramento, CA

JLG Industries, Inc. - McConnellsburg, PA

1996

City of Chattanooga - Chattanooga, TN

Mason & Hanger Corporation - Pantex Plant - Amarillo, TX
Nascote Industries, Inc. - Nashville, IL

Weirton Steel Corporation - Weirton, WV

NASA Kennedy Space Center - Cape Canaveral, FL
Department of Energy, Oak Ridge Operations - Oak Ridge, TN




1997

Headquarters, U.S. Army Industrial Operations Command - Rock Island, IL
SAE International and Performance Review Institute - Warrendale, PA
Polaroid Corporation - Waltham, MA

Cincinnati Milacron, Inc. - Cincinnati, OH

Lawrence Livermore National Laboratory - Livermore, CA

Sharretts Plating Company, Inc. - Emigsville, PA

Thermacore, Inc. - Lancaster, PA

Rock Island Arsenal - Rock Island, TL

Northrop Grumman Corporation - E1 Segundo, CA

(Resurvey of Northrop Corporation Aircraft Division)

Letterkenny Army Depot - Chambersburg, PA

Elizabethtown College - Elizabethtown, PA

Tooele Army Depot - Tooele, UT

1998

United Electric Controls - Watertown, MA

Strite Industries Limited - Cambridge, Ontario, Canada

Northrop Grumman Corporation - El Segundo, CA

Corpus Christi Army Depot - Corpus Christi, TX

Anniston Army Depot - Anniston, AL

Naval Air Warfare Center, Lakehurst - Lakehurst, NJ

Sierra Army Depot - Herlong, CA

ITT Industries Aerospace/Communications Division - Fort Wayne, IN
Raytheon Missile Systems Company - Tucson, AZ
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